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NOTICES. 


NEXT WEEK. 

Monday, November 24th, at 8 p.m. . (Cantor Lecture.) Louis C. Martin, 
D.I.C., A.R.C.S., D.Sc., Lecturer in the Department of Optical Engineering 
and Applied Optics, Imperial College of Science and Technology, South 
Kensington. (Lecture I.) 

Wednesday, November 26th, at 8 p.m. (Ordinary Meeting.) C. F. 
Elwell, B.A., Talking Motion l ictures^' (with Practical Demonstrations). 
Alan A. Campbell Swinton, F.R.S., late Chairman of the Council, \vill 
preside. [Films will be exhibited showing dancers dancing to music, people 
speaking, words, playing the violin, etc., with perfect synchronisation 
between the actions and the sounds.] 


CHAIRMAN'S INAUGURAL ADDRESS. 

The Chairman’s Inaugural Address, which had to be postponed owing to 
the unavoidable absence abroad of Senatore Guglielmo Marconi, G.C.V.O., 
LL.D., D.Sc., will be delivered on Thursday, December nth, at 8 p.m. The 
subject of the Address will be announced later. 

The Swiney Prize and the medals awarded for papers read during the past 
session will be pre.sental. 

Tea and coffee will be served in the Library after the meeting. 


COUNCIL, 

A meeting of the Council was held on Monday, November loth. Present:— 
Senatore Guglielmo Marconi, G.C.V.O., LL.D., D.Sc., in the Chair; Lord 
Askwith, K.C.B., K.C., D.C.L. ; Sir Frank Baines, C.V.O., C.B.E. ; Captain 
Sir Acton Blake, K.C.M.G., K.C.V.O.; Sir William Heniy Davison, K.B.E., 
D.L., M.P.; Sir Archibald Denny, Bt., LL.D.; Sir Edward A. Gait, K.C.S.I., 
C.I.E.; Sir Thomas Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S. ; Major Sir 
Humphrey. Leggett, D.S.O., R.E.; Sir Philip Magnus, Bt. ; Sir Charles C. 
McLeod; Mr. James Swinburne, F.R.S.; Mr. Alan A. Campbell Swinton, F.R.S.; 
Mr. Carmichael Thomas; Dr. J. Augustus Voelcker, M.A.,; and Sir Philip 
Watts, K.C.B., LL.D., F.R.S., with Mr. G. K. Menzies, M.A., (Secretary 
of the Society) and Mr. S. Digby, C.I.E. (Secretary of the Indian and 
Dominions and Colonies Sections). 

A Committee was appointed to prepare a scheme under theThomasL.Gray 
Bequest. (Further particulars of this Trust will be printed in a .s;: jjjquent 
number of the Journal) 
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The Secretary was nominated to represent the Society at a Conference on 
Architectural Studentships, etc., called by the Board of Architectural 
Education. 

Papers to be read at the meetings after Christmas were considered. 

Other formal business was transacted. 


PROCEEDINGS OF THE SOCIETY. 

FIRST ORDINARY MEETING. 

Wednesday, November i 2 TH, 1924 . 

Mr. Alan A. Campbell Swinton, F.R.S. (late Chairman of the Council), 
in the Chair. 

The following candidates were proi)osed for election as Fellows of the 
Society:— 

Armittige, Evrard Leatliley, Farnhani, Surrey. 

Ayres, Norman Frederick, B.Sc., Abadan, Persia. 

Barnes, Cieorgo Charles, Har^)cndcn, Herts. 

Bolton, Scriven, F.K.A.S., Bramley, Leeds. 

Bong Idong See, Jolin, Oxford. 

Calder, John j., f^ondon. 

Cartwright, Janies Stewart, Cape Town, S. Africa. 

Casacof, Christo, M.Am.Soc.M.E., New York City, U.S.A. 

Cliilds, C. 13. M., London. 

Chotai, Bhimji Kesliavji, Una, Kathiawar, India. 

Cox, President Harvey W., A.M., Ph.D., Emory University, Georgia. U.S.A. 
('rane, Professor James Wellington, M.B., London, Ontario, Canada. 

Craven, Thomas Ernest, Keighley, Yorks. 

Cropper, Miss, T^L.A., Uxbridge. 

da Fon.seca, Dr. Eurico Toixeira, Rio do Janeiro, Brazil. 

Duckworth, Harold, Ashton-under-Lyne. 

Esserman, Nouman Abraham, Victoria, Australia. 

Evans, John, Trinidad, British West Indies. 

Field, Leslie William Howard, London. 

Gan Klick Kcng, Singapore, Straits Settleipents. 

Gill, Colonel William Smith, C.B., R.E., Bieldsidc, Aberdeenshire. 

Glass, George William, Delhi, India. 

Good fellow, Magnus, London. 

Hall, Ralph, Calcutta, India. 

Hallett, Leonard Richard, L.D.S., Uckfield. 

Hanaghan, Jonathan, Birkenhead. 

Homberger, Professor Alfred W., A.B.,M.S., Ph.D., Louisville, Kentucky, U.S.A, 
Hopkins, George Alexander John, London. 

Isaacs, Godfrey C., I-ondon. 

King, George Frederick, London. 

Klein, Ren6 H., M.Inst.R.E., London. 

Knight, Henry James, Worcester. 

MacEchem, Fergus Norman, London. 

Manning, Percival L. H., Nandod, (Gujrat), India. 
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Marten, John T., M.A., I.C.S., Fleet, Hants. 

Metcalfe, Mrs. Blanche, London. 

Murray, His Excellency John H. Plunkett, C.M.G., Port Moresby, Papua. 
Nasikvala, Fram D., Bombay, India. 

Nyun, Maung, Katha, Burma. 

Ogden, Agnew J. T., Tiverton, Devon. 

Oliver, John G., L.S.A., Greenock. 

Orchiston, J., M.I.E.E., Wellington, New Zealand. 

Pearson, Archibald Ramsden, I-ondon. 

Pope, Sir William J., K.B.E., D.Sc., LL.D., F.R.S., Cambridge. 

Pugh, F., Winnipeg, Canada. 

Reid, E. Everett.-, London. 

Relly, Owen Hamilton, Eastbourne. 

Rivers-Moorc, Henry Rivers, Croydon, Surrey. 

Roscoe, Rev. J. E., M.A., B.Litt., Bacup, Lancashire. 

See Beng Kam, Malacca, Straits Settlements. 

See Wee Yan, Malacca, Straits Settlements. 

Shome, M. L., Dacca, India. 

Sng Tiong Geok, Singapore, Straits Settlements. 

Stephenson, William Samuel, London. 

Stoneman, Walter, London. 

Tan Chong Lck, Malacca, Straits Settlements, 

Thacker, Maneklal S., London. 

Town, Harold C., Keighley, Yorks. 

Townley, Mrs. Charlotte D., Croydon, Surrey. 

Vasavada, R. M., Ludhiana, Punjab, India. 

Wceden, Sydney Alexander, London. 

White, George Starr, Los Angeles, California, U.S.A, 

Whitfield, Horace Henry, Birmingham. 

Worthington, Walter Scott, Enfield, Middlesex. 

Wright, Cedric Alfred, Ashford, Kent. 

The Chairman said that Colonel Crompton required no introduction from him. 
As everybody knew, he was one of the veteran engineers in England, chiefly known 
for his later work in electrical design and manufacture, and also as a pioneer in 
electricity supply. That night, however, he was going to talk about pioneer work 
of another kind on which he embarked when many of those present were in their 
cradles. 

The paper read was:— 

THE MOTOR CAR : ITS BIRTH, ITS PRESENT, AND ITS 

FUTURE. 

By Colonel R. E. Crompton, C.B., R.E., M.Inst.C.E., M.I.E.E. 

Althougli I am only one of many who are able to discourse on the present 
and future of the Motor Car, I am one of the few left who can speak with 
authority on its birth and gradual development up to the present time. For 
I propose to show to you that in this country the road locomotive was developed 
before the railway locomotive, and that if it had not been for the other road 
interests and for the coming of the railway we should and, I think, still ought to 
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be able to claim for England the title of being the real, parent of Automobilism 
and transport by road. I will not take up your time by discussing the work 
of Hancock, Gurney, Ogle and others during the years 1825-35, for much has 
been written about the good work done by these men. It was my privilege to 
be a colleague of the late Sir Frederick Bramwell, who actually himself when 
a pupil worked on the Hancock road engines about the year 1827, and he told 
me how advanced Hancock was in all his ideas of producing satisfactory 
boilers of light weight for road locomotive purposes. 

When visiting the Royal Agricultural Show at Leeds in 1861, I as a boy 
there seeing the first Agricul.ural Tract icn Engine, was fired with the ambition 
to oroouce a steam driven motor car for passengers which would travel at a 
reasonable speed. I began then to build such a car, and actually had it running 
on the road in England in 1863. I took it out to India with me and finished it as 
a complete c:ar to run on the good roads of India at 20 miles an hour. It was 
this that made me personalty correspond with R. W. Thomson, of Edinburgh, to 
whom 1 wish to assign the greatest share of tlic credit of introducing the modem 
road motor car, and the modem motor waggon on to our roads. 

It may be said with truth that the coming of the automobile vehicle, 
whether motor car or motor waggon, which has revolutionised modem road 
transport realty commenced with the invention of elastic tjTes either made of 
solid rubber or in the form of pneumatic tyres in which air is used as the elastic 
medium, and it is the object of this paper to show that the real man to whom 
most of the credit for modem Automobilism is due was R. W. Thomson, of 
Edinburgh, and it is fitting that the author, who was associated with Thomson in 
the greatest of experimental developments should now put on record the great 
work earned out by him in the early '70's of last century. 

Mr. R. W. Thomson was bom at Stonehaven in 1822. He went out to 
America as a boy, but returned to England, and when only 16 years old 
showed ffreat talent for invention in Engineering matters. He was therefore 
apprenticed as an Engineer in Aberdeen and Dundee, but in 1844, when only 
22 years of age, he set up in business on his own account and a year later he 
conceived the idea of applying rubber tyres to ordinary vehicles. We read in 
Volume XLV of the Mechanic’s Magazine that he applied noiseless tyres 
to a brouffham which was then running in the London parks. He took out a 
patent, tor these pneumatic tyres in the year 1845, but at that time India- 
rubber was scarce and it was difficult to make what we now term the inner 
tubes of these pneumatics sufficiently air tight. He had great trouble with 
the manufacturers, Messrs. Macintosh and others, and on account of these 
difficulties of manufacture his invention made poor progress. The railway 
companies of that time adopted the tyres for the platform handcarts but 
paid Thomson no royalty. 

In 1851, the first fountain pen, which was Thomson's invention, was shown 
and sold in the Great Exhibition. By 1862 he had got together a business as a 
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consulting engineer and settled in Edinburgh. One of his first inventions*'tvas 
a portable lifting crane. He also designed what is believed to have been the 
first floating dock; this was sent out to the Dutch East Indies. In the 
course of his engineering work when developing certain collieries established 
at Labuan. he found it necessary to haul the coal from the'collieries to the 
landing stage by some form of traction engine, and as the traction engines of 
that time were not suitable for traversing rough and uneven ground, and were 
very deficient in hauling power in proportion to the weight on the driving 
wheels, he returned to his older love, but as he could not even then have his 
pneumatic tyres manufactured with any reasonable certainty of success he 
turned hfs attention to a new kind of wheel This wheel consisted of a light 
wrought iron drum about 4 ft. diameter by 13 inches wide, having flanges i 
inch thick on either side, over which was slipped or stretched a flat India- 
rubber band 12 inches wide by 4I inches thick. He then designed what he 
called a road Steamer mounted on three wheels for the Labuan colliery work. 
He had this road steamer fitted with heavy ring rubber tyn's at work in test 
in December, 1867, and the newspapers of the time pronouncc'd it to be in 
advance of anything which had ever been put on the road. Numerous trials 
were made with this engine drawing a large 'bus behind it at the rate of 12 
miles per hour. At that time, the author, who was in the army in India 
serving as a Lieutenant in the Rifle Brigade, had already construct('d a motor 
car, which was really a steam carriage with wooden wheels with ordinary iron 
tyres. He completed this car; it was set to wwk to run on the good well-metalled 
roads of the Punjab, but seeing the accounts of the trials of the Thomson road 
steamers in the engineering papers of the day he got into corn‘spondenc(> with 
Thomson. The following year, having been appointed to the Commander- 
in-Chicf\s staff as his aide-de-camp, and being full of his road I'ligine project, 
he talked it over with the Commander-in-Chief, and afterwards with Lord 
Mayo, who was then the Governor-General. Lord Mayo was an exceptionally 
liberal minded and far-seeing man of affairs, and interested himself so much that 
he suggested to the author that he should make a report to the Director General 
of Post Offices in India embodying a proposal for working by the Thomson 
engine the bullock trains which’ at that time were the only form of haulage, 
the railways of India having been only partially completed. 

The author was fortunate in being able to persuade the Government of 
India to support his ideas, and authority was given to him to invite a tender 
from Thomson to send out a trial engine. Thomson agreed to do this provided 
the experiment was put into the author's hands. A department was accordingly 
formed called the Government Steam Train, and the author was dppointed 
the first Superintendent. 

The first Thomson road steamer arrived at Calcutta and was put together 
at the Alighar workshops during the year 1869, and as far as hauling power, 
good adhesion, and freedom from vibration when running at a considerable 
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speed arc concerned, the engine was successful. It failed, however, in that its 
small fire-box did not admit of the use of wood fuel, and as coal fuel was not 
available on the line chosen for the test, which lay between Amballa and Kalka, 
this, the first Government steam train engine, had to stop so frequently to 
raise steam that its speed was not much greater than that of the bullock train 
that it was intended to supersede. The author, feeling that this boiler 
failure was quite apart from Thomson's rubber tyre invention, spent many 
anxious weeks up at Simla endeavouring to persuade the authorities to give 
this road transport experiment another chance. 

This chance was given. Lord Mayo himself signing the authority for the 
expenditure of a sufficient amount to purchase and equip with waggons and 
passenger vehicles several improved steam trains, four of which were to be 
ordered, the engines to be made in England to Thomson's design and specifi¬ 
cation, the waggons and remainder at the Government workshops at Alighar, 
in the North-West Provinces. Under the strain of the boiler disappointment,, 
the author’s health broke down, but the Government of India sent him to 
England at Government expense, to discuss with Thomson all the points in 
which road transport in India differed from that in England or any other 
country, of which but little experience was available. 

The memorandum attached to the order for the large-scale experiment is 
interesting, and is quoted here verbatim, as it shows that the knowledge of road 
transport that had already been acquired was very considerable. The memo¬ 
randum states that for Indian requirements we must have :— 

1. Great lightness consistent with safety and economy of fuel and water. 
Simplicity of parts requiring renewal, capacity for ready repair on the road. 

2. A further adaptation and improvement of the rubber tyres now used 
by Thomson, so as to increase their very perfect springing action. 

3. The reduction of the wear and tear of highway which must follow from 
the use of elastic tyres. 

4. The reduction of wear and tear of highway which would follow from 
improving existing friction brakes. 

5. Further improvement of the Thqmson chain shoes. 

6. The best proportion of tyre diameter, width and thickness which^ 
combined with the shoes, is necessary in order to get the best grip on the road 
for haulage purposes. 

7. In view of the cost of rubber, can any arrangement of elastic wheels 
be devised to take the place wholly or partly of the rubber tyres ? 

After interesting adventures, on his return v. yage in 1870, when travelling 
across Europe in the rear of the German army, the author arrived in England 
and reported himself to the India Office, and a few days later saw R. W. Ihomson 
for the first time. He now believes that on the day of his first interview with 
Thomson, modem road transport took a great step forward^, a step which 
undoubtedly led to the huge development that has since taken place. At the 



8 


* JOURNAL OIf.THE ROYAL SOCIETY OF ARTS. Nov, 3 uim. 


time when he came home from India, although it is true that the agricultural 
engineers were building traction engines having broad steel tyres, these engines 
lumbered along with a man walking in the front of them carrying a red flag to 
warn other traffic, so that it was impossible for the driver to exceed the flag¬ 
man’s walking pace, namely 4 miles per hour. Owing to Thomson’s work on 
the Indian steam train during the 18 months that the author was in England, 
such progress was made that the engines of the Indian Government steam train 
equipped with rubber tyres actually travelled at speeds up to 25 miles per hour, 
when carrying 100 passengers. During the same period the tractive effort, 
which on the rigid-tyred traction engines rarely reached as high as 30 per cent, 
of the weight on the engine driving wheels, was increased by the rubber tyre 
up to double this figure. 

The author found that Thomson was an invalid, suffering fropi locomotor 
ataxy, so that ho was unable to leave his sofa, though his brain was extra¬ 
ordinarily active. His wife was then helping him in his work, but when she 
found that the author was already her husband’s faithful disciple, she asked him 
to help her in the propaganda work that Thomson had already started for 
developing road transport. The author stayed at Thomson’s house for some 
months, in fact, until new designs had been prepared by Thomson to meet the 
Indian requirements. The leading draughtsman who was engaged to make 
the working drawings was Gustave Bremme. At that time, Kennedy, now 
Sir Alexander Kennedy, was in the drawing office at Tennants, at Leith, where 
one or two of the earlier Thomson road steamers had been constructed. The 
author found that the small type of Thomson road steamer, similar to the one 
that he had been testing in India, had already been improved, and Messrs. 
Robeys, of Lincoln, were then constructing one named The Advance.” After 
this engine was tried, the new type which Bremme drew out for the Indian 
requirements was again modified. The defects already noted in India and the 
memorandum which had been laid before the Indian Government served as a 
basis of discussion. A point on which the author differed from Thomson was 
the boiler to be used in India. Thomson did not at first appreciate the large 
grate-area required for burning wood fuel. He was then using a boiler of his 
own design called the " pot ” boiler, which gave great trouble, whereas the 
author preferred to use the Field type of boiler that Messrs. Merryweather were 
then using on steam fire engines, and which he had himself used for his own 
engine built in India. The matter was compromised by Thomson starting on 
his own type for the first two engines, and the first trials were therefore made 
with the Thomson " pot " boiler. These were soon replaced by the F'ield type 
of boiler, which was adopted throughout and On the whole gave satisfactory 
results. A good many of the preliminary trials were made with Thomson’s 
” pot " boiler, and this imdoubtedly prejudiced the new form of road vehicle, 
because the delays and breakdowns, entirely due to Thomson’s boiler, were put 
down by our rivals, the traction-engine people, to tyre troubles, which did not 
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really exist. At the same time it is true that the new engines, being able to 
run at higher speeds than had been hitherto possible, made it possible for us to 
observe and study many of the phenomena connected with the use of 
rubber tyres, such as side-slip on a greasy road, heating due to rapidly repeated 
deformation, which only occurs at high speeds, and which in our case sometimes 
reached such a point that the rubber itself became decomposed (gases were 
given off and huge bladder-like wens were formed on the tyre surface). 

The dimensions of the tyres of the new engines were as follows:—driving 
wheels over-all diameter, about 6 ft. 6 in.; width of rubber, 15 in.; thickness, 
4j to 5 in. 

These engines were fully described and illustrated in a paper read by the 
present author before the Institution of Mechanical Engineers shortly after 
his return from India.* The building of the first engines was entrusted to 
Messrs. Ransomes, Sims and Head, of Ipswich, and by the middle of May, 
1871, the first engine, the “ Chenab,*’ named after one of the Punjab rivers, 
was sufficiently advanced to be tried in a preliminary test on the roads near 
Ipswich. These trials were reasonably successful, but although coal was used 
as fuel it was evident that the boiler would not be able to make sufficient 
steam with wood fuel. In fact it was necessary to sharpen the blast so much 
that the " Chenab became a fire thrower and set fire to the grand stand on 
the Ipswich race course, and the Government of India had to pay for a new 
one. Although it was then seen that the boiler in the " Chenab ” was a 
failure, Messrs. Ransomes were so anxious to show one of these new engines 
at the Royal Agricultural Society's Show at Wolverhampton, that the 

Chenab " was finished off for show purposes with the original " pot " boiler 
as designed by Thomson. By that time the author was so disgusted with this 
boiler that he arranged with Lewis Olrick to design and tender for the con¬ 
struction of Field boilers of the same external dimensions to be interchangeable 
with, and to fit into the same engine frames, having a sufficient number of 
Field tubes to give larger heating surface, and to hurry these boilers forward, so 
that one of them could be fitted into the second engine, called the ** Ravee," 
by the end of May. 

Early in the summer we started from Ipswich on the run to Wolverhampton 
having coupled to the engine a rubber-tyred omnibus, which had been built in 
Edinburgh to carry 130 people, 60 below and 70 above. This omnibus had 
only two rubber-tyrqd wheels, and the total combination of the three-wheded 
tractor with the omnibus constituted a five-wheeled vehicle, which was there¬ 
fore the first forerunner of the six-wheeled arrangements, that are now so much 
under discussion. This omnibus carried a considerable party, as there was 
ample room to use the lower part as a sleeping-room. . In addition to the author 
and his wife were Bremme, the chief designer, and his wife, a pupil named 

* 8ee Proo. T. Meoh. E., 1870, pp. 404—533. 
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Attwood, a leading litter, Tom Wooley, and a fireman named Pipe, and with the 
additkm of one or two boiler-makers, the crew numbered 14 to 16 persons, 
for which the large bus became the dwelling-house. 

On this first trip there were plenty of boiler troubles and a good deal of 
amusement. Eight days were occupied on this first run, which irreverent 
people called “ Lieutenant Crompton's honeymoon trip.” Throughout the 
journey the Thomson boiler gave infinite trouble, and the boiler-makers who 
accompanied us had to expand the vertical fire-tubes every night. This 
experience confirmed the author in his views that this type of boiler must be 
scrappjd and the four engines fitted with the Field boiler that Olrick had 
already designed for them. 

At the Wolverhampton R.A.S. Show the train attracted great interest. 
The engine and omnibus were taken to the various trials of the traction engines, 
and as Ransomes had prepared a Thomson rubber-tyred engine to plough by 
direct traction, the comparison between the rubber-t^Ted engine and the trac¬ 
tion engines used by Aveling and others, who fitted their driving wheel with 
paddles, was interesting and instructive. The rubber-tyred engines scored in 
dry weather, but in wet weather the older type with paddli^s were victors. In 
the tests which took place on the hard road, however, there was no comparison 
between the hauling power of the two typos of engines, so that an engine 
designed by Ransomes for agricultural purposes, fitted with Thomson lyres, 
was awarded a special medal for its excellent performance. We used the 
Chenab ” to carry the judges about, the omnibus serving as the judges' 
office, and if it had not been for the trouble with the boiler the vehicle would 
have received a great deal of credit. The perjxjtual boiler breakdowns caused 
the author to send the ” Chenab ” hom'j by rail to Ipswich, to have a Field 
boiler fitted. 

About this time the author met a Mr. Muirhead, who was the engineering 
instructor at Farnah Hall, Derby, and thought that he would be a likely man 
to ac;t as assistant engineer of the Government steam train ; he w^ould follow' 
the author out to India with the remaining three engines, as the author was 
urgently w’anted in India to build the waggons and design tlu^ w'orkshops 
required for the extended experiment. 

By August, 1871, the “ Ravee,” the second engine, was ready for trial 
with a Field boiler. It was fitted with a sufficiently good spark-arrester, and 
made ample speed when wood fuel was used, but when burning coal we were 
obliged to block off the centre of the fire grate. 

On August 19th, we started on what might be called the first really satis¬ 
factory long run on a highway. This was from Ipswich to Edinburgh, in order 
that Thomson might himself be able to see one of his engines on the road. Our 
actual start was made on September 13th, with the same large omnibus, 
making the five-wheeled arrangement. With the ” Ravee ” we were able to 

along at a great pace, practically only limited by the requirements of the 
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traffic. Through the influence of the Government of India we were armed with 
a permit to carry on road tests with these engines at speeds above those allowed 
by the Red Flag Act, and we soon found that on open stretches of level road 
we could get up to speeds exceeding 20 miles per hour. On this trip wc found 
that when, we ran .with bare rubber t5rres, which we were able .to do in 
dry we^athcr, the rubber rolled out in front of the driving wheels and actually 
left the polished steel treads, so that the engine practically ran omdhe upper 
surface of a continuous track resembling the modem caterpillar tTffck. We 
were then really forestalling arrangements that have been quite recently 
introduced by the Citroen Company for their most recent track-laying cars, 
designed with belt-tracks for crossing deserts. At first we attempted to travel 
through the night, but had some dangerous adventures on narrow embankments 
in the Fen district. Near Stamford, Muirhead joined us, with Mr. Monlford 
and some of his pupils. On the way to Doncaster the highest speed ever made 
on a highway, that is, over 25 miles per hour, was recorded. The rcutc was cn 
the Great North Road at points where it ran parallel to the Great Northern 
Railway, and the road train overtook and passed several goods trains travelh'ng 
in the same direction ; as the load and train together weighed about 40 tons, 
this constituted a record in road locomotion both for speed and power developed. 
The night was passed at Doncaster. Next day, on Bramham Moor, a curious 
phenomenon was noticed ; the engine and omnibus being insulated from the 
earth by its rubber tyres, acquired a high static electrical charge, so that any one 
standing on tlie road, on touching the engine, took a strong spark and electrical 
shock, which was startling but not really dangerous. By allowing a wire to hang 
so as to touch the ground the static charge disappeared. The run to Edinburgh 
was made without further trouble, and sufficient time was spent in Edinburgh 
for Thomson himsidf to inspect the train and to carry out some careful tests of 
the hauling power of the “ Kavee,” the load being a train of waggons borrowed 
from contractors. The tests were on an incline near Edinburgh, called Soutra 
Hill. In these tests a coefficient of adhesion wus obtained of 60 per cint. of 
the weight on the driving wheel. 

At this trial the total weight of the engine and omnibus was about 19, 

tons. 



Ipswich to 

Edinburgh 


Edinburgh 

to Ipswich 

Total fuel consumed in lbs. 

. 29,148 

25,312 

Total water evaporated in lbs. 

. 137.850 

144,300 

Total distance in miles. 

. 422.5 

424 * 

Time actually travelling 

.77h. 26m. 

6ih. 13m. 

Engine standing under steam ... 

.72h. 23m. 

42h. 3m. 

Average speed in miles per hour 

. 5-45 

6.9 

Gross load in tons . 

. 19 

20 
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3 file tons ... ••• ••• ... t 

.. 8027.5 

8480 

Lbs. of coal per ton per mile. 

.. 3-631 

2.98 

Lbs. of water per ton per mile 

.. 17.17 

17.01 

Lbs. of water evaporated per lb. of coal 

.. 4.729 

5-7 


By the return journey the men had ample experience in working the 
engine, and the 425 miles took nine days, giving 47 miles as the average distance 
per day, and a speed of about seven miles per hour for the time actually running; 
but on the last day the average speed was about ten miles an hour, whilst 
occasionally a speed of from 15 to 20 miles per hour was maintained for short 
distances. 

Throughout this complete round journey from Ipswich to Edinburgh and 
back, of nearly 700 miles of road, the above data were taken as to fuel con¬ 
sumption, speeds and loads, which were considered satisfactory. After finishing 
up other work, the author went on in advance to India, instructing Muirhead 
to complete the other engines and to follow him when they were ready. 

The spring of the year 1872 was occupied in preparing the necessary 
premises for running the Government steam train between Rawal Pindi, the 
principal military station in the Punjab, and Attock, where the trunk road 
crosses the Indus, a distance of about 70 miles. 

The original programme was that as there was considerable traffic both in 
goods and passengers between Rawal Pindi and the frontier station at Peshawar, 
this section should be worked by the Government steam train, in place of the 
bullock train that had been used for goods haulage, and the Dak Gharris on 
which passengers up to that time had had to travel.. 

In the early portion of this year two of the new engines arrived, but the road 
haulage system did not get to work until the autumn of 1872. Within two 
months of starting the first troubles began ; the crankshafts of the “ Ravee ” 
and of the other engine broke, due to torsional stresses set up in the mild steel 
then used. At that time it was thought that as the driving wheels could slip 
to a certain extent inside their tyres, a differential gear was unnecessary, but 
this view proved to be mistaken, for although this slip undoubtedly did take 
place and was sufficient to allow of accurate steering round curves of great 
radius, on curves of small radius the drivers were instructed to throw out of 
gear the wheel on the inner side of the curve, but the drivers did not always 
obey orders, and undoubtedly this was the cause of the crankshaft failures. 
Curiously enough, the head of the Post Office, imder which the Government 
steam train was working, Mr. A. M. Monteith, who had considerable mechanical 
ingenuity, brought to the author several designs for arranging a differential 
mechanism in the crankshaft itself, but for want of means for making the 
necessary forgings, and of the complicated machinery required, his designs were 
not then carried out; they were, however, identical in every way with a 
crankshaft so fitted shown on the Super-Sentinel steam waggon at the Com¬ 
mercial Vehicle Show in 1923. 
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The crankshaft trouble was dealt with by altering the ratio of the gearing 
of the countershaft and instructing the drivers always to run with the counter¬ 
shaft in gear, removing the pinions from the crankshaft, and in this way the 
crankshafts were saved, but the countershafts although they had a longer 
life, failed from the same cause after a given mileage. 

During the following year, when war threatened with the Amir of 
Afghanistan, the military authorities decided to hold a camp of exercise at 
Hussun Abdul, halfway between Rawal Pindi and Attock. One reason for 
choosing this point was that they could thoroughly test the capacity of the 
Government steam train for moving troops, guns, and military stores. This 
Hussun camp of exercise gave work for the steam train during the winter of 
'73, and there is no doubt that the excellent work then done was the cause of 
Lord Roberts, who was at that camp, advocating the use of mechanical transport 
for our Army during the Cape War in 1900; in fact. Lord Roberts informed the 
author that this was the case. 

After the camp of exercise during the years '74—'75, the steam train was 
employed for regular haulage and passenger service. The cost in those days 
was considered high, but would at the present time be considered quite satis¬ 
factory. 

In the early part of the year '73, the Government of India appointed a 
committee of inquiry to sit at Rawal Pindi to examine the whole question of 
the progress made up to that date by the Government steam train, as it was 
then developed. 

Among the references to the committee were its hauling capacity as com¬ 
pared with a light railway ; the cost of working per ton as shown by the monthly 
accounts up to that date ; the causes of such mechanical failures as had then 
occurred, and the extent to which these could be avoided in the future; the 
extent to which working costs were likely to be reduced on an increased scale of 
working and with greater experience, and the facilities afforded by mechanical 
transport for military purposes in case of war in India itself or in the case of a 
frontier campaign. The committee consisted of the then head of the 
Calcutta mint. Colonel Hyde, R.E., as chairman; Mr. Joseph Harrison, 
who was then the leading expert on Indian railway matters, and Major Limund,. 
R.E., who was the Superintending Engineer of the 8th Circle Military Works, 
and one or two other officers. This committee went very fully into the history 
of the steam train, examined the accounts and witnessed a number of working 
tests which were suggested to illustrate the capacity of the train to carry goods 
at 6 m.p.!\ speeds, and to carry troops and passengers at higher speeds. 

The report of this committee was, on the whole, so favourable that every¬ 
one including the author, believed that the Government steam train experiment 
would be continued on a largely increased scale. In the year 1875, however, 
the period for which the author had been seconded from active service with 
his regiment expired, and he was ordered to rejoin his regiment. 
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After the author left for England, his assistant, Mr. Richard Muirhead, 
t:arried on the work of Superintendent of the train for several years, in fact, 
until the period at which the craze for light railways, substituting the metre 
gauge for the existing Indian broad gauge, caused the Government of India to 
decide that the road steam train would be no longer necessary. The engines 
and plant were then handed over to the Northern State Railway. 

As far as the author is concerned, this great experiment in road transport 
terminated in 1875, and although, for the reasons above given, it did not at the 
tim'i lead to any great development of mechanical road haulage either in 
Englana or m the Colonies, it is practically certain that the reports of Colonel 
Hyde's committee and the good services rendered by the trains in transporting 
troops and stores-at the Hussun Abdul camp of exercises did greatly impress 
the military authorities of India, including General Roberts, wl o was then on the 
Quartermist^ General’s staff. The evidence of this came 25 years later, in 
1899, on the-oatbreak-of war in Sk3uth Africa, when Lord Roberts, as he had 
then become, quickly realised that for the great distances to be traversed, the 
difficulty of feeding transport cattle, and the great weight of modern artillery 
and m'ichine guns with their ammunition required special means of transport, 
and Lord Roberts’s own recollection of what the author did with the Government 
steam train in India in the seventies, caused him to put the author in charge of 
the smill instalment of mechanical transport which had been taken to South 
Africa by Colonel Templar as part of the equipment of the Balloon Corps. The 
work then done by the mechanical transport under the author’s charge so 
impressed the War Office authorities in England that they asked Lord Roberts 
to send the author home to organise m;?chanical transport for the Army, and 
from that date mechanical transport for the army has steadily increased up to 
the position which it occupied in the last great war, in which it may be safely 
said it completely ousted animal haulage except for a few special purposes. 

The author, in his opening remarks, stated that Thomson’s work com¬ 
menced in the sixties of last century was carried on by the Government steam 
train in India without interruption up to the year 1878, or thereabouts, and 
constituted a chapter in the history of road transport which can never be 
forgotten. For through that period not only were most of the problems 
inherent to the use of rubber for tyres encountered and to some extent success¬ 
fully solved, but many other phenomena which have to be mastered before road 
trains consisting of more than one vehicle can be successfully worked on our 
existing roads were then investigated, and esta,blished the basis for regular 
service. For instance, the Rawal Pindi-Attock road trains tested in the presence 
of Colonel Hyde’s committee consisted of nineteen vehicles, and of the total 
{gross moving load on the road of over 70 tons, ^0 tons w^as the net paying load. 
The; difficulties of manoeuvring such long trains were at first considerable. 
Wlien runiring on the level or descending inclines at a high speed there w^as a 
tendency for any slight lateral movement of the coupling-pin in the rear of 
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the engine to exaggerate itself backwards through the train, so that when these 
long trains were first used the side oscillations of the rear waggons would be so 
great as to throw them off the road. This difficulty was dealt with by careful 
proportioning of the distance from the centre of the rear wheels of each vehicle 
to the coupling point, and similarly from the centre of the front wheels of the 
vehicle following up to the same coupling point. In addition to this, coupling- 
brakes were fitted on the turn-tables of the front wheels of each vehicle, so that 
towards the close of this great experiment there was no difficulty experienced 
in running these long trains at high speeds, and the danger from the side 
oscillation at first observed was eliminated. 

The improvement of the tyres themselves, in the shape of their cross section, 
and in the method of attachment to the wheels, and also of the protecting shoes 
or armour which were from time to time modified by the combined work of 
Richard Muirhead and the author, had the ultimate effect of reducing the total 
tyre cost per mile run to about half of the figure noted during the first year of 
running. 

In those days it was found best to let the rubber expand forward under the 
rolling action of the wheel, and then to pass back over the top of the wheel, 
the friction on the inner surface being taken up by transverse metal rods covered 
with anti-friction bearing metal; in this manner the wear, which up to that time 
had taken place largely on the inner surface of the rubber tyres, was trans¬ 
ferred to these transverse rods, which could be easily and cheaply renewed. 

The external protecting armour of the tyres (then known as the " shoes **) 
was gradually modified from the chain-like form originally adopted by Thomson, 
which gave endless trouble, due to link wear, and an entirely new form, called 
clip shoes, was adopted ; these were not linked together, but were held in posi¬ 
tion by having their outer ends turned up and hooked outwards and held in 
circumferentially by steel hoops slipped over the hooked ends. 

It will be seen that the great strides made by the use of Thomson's inven¬ 
tions in Road Transport were only possible at that time because the conditions 
of road transport which rule in our great Indian Empire are wholly different 
from the conditions that then prevailed in England. In India there was no 
legal limitation to speed; the Grand Trunk road is laid out with easy and regular 
gradients, its metalled surface is smooth well-formed and consolidated. Hence 
it was not unreasonable to expect that if high speed engines could be made 
successful anywhere they would be so under such favourable conditions. 

From what I have said it is clear that these expectations were fully realised 
by us at the early period. During the years between 1871 and *75 high speed 
was obtained without excessive wear and tear, very regular nmning and 
timing were observed, great numbers of passengers were conveyed cheaply 
and safely, and goods were carried at a cheaper rate than by any land carriage 
other than rail. 

In India it was found advisable to reduce the weight of the loaded 
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engines from 14 tons, as they were first erected in Rawul Pindi, down to 
9 tons, as it was considered that the former weight was too great for the timber 
bridges of the Trunk Road. Moreover the excessive weight on the driving 
wheels of the engines greatly reduced the life of the rubber tyres. So that 
at an early date separate 4-wheelcd tenders carrying 500 gallons of water and 
a supply of wood fuel were made. This reduced the total weight of the engines 
by 5 tons. 

There were few accidents; once a driving wheel came off, twice a train 
became uncoupled and once the English soldier driver got drunk, and drove his 
engine off the road, the engine being turned upside down and considerably 
damaged. It was a tedious job to repair the engine after this last accident, 
but after the repairs it was worked for 9 weeks running night anddjiy, covering 
nearly 2000 miles without coming into the repair shed. Another point interes¬ 
ting to notice is how trustworthy the native drivers became ; whereas with 
European drivers we had narrowly escaped having two terrible accidents, 
entirely due to the curse of drink; the Mohammedan drivers did not drink; 
drove steadily and could be thoroughly depended on. 

Enough has been said to show that this great experiment was the real 
precursor of modern road transport and that if it had not been for the prohibitive 
legislation that held at the time of the author's return to England in 1875, 
he was then in a position to do all that has been done since in extending road 
transport as far as it has been done by the steam motor waggons of the Foden, 
Sentinel, Burrell and Aveling types with which we are now so familiar. 
It is true that the use of the internal combustion engine came later, but it is 
an entire mistake to suppose that the road motor was due to the genius of the 
French. Whereas if the French had not had the successful work of Thomson 
before them they would have had to wait for the later rcintroduction of 
Pneumatics by Dunlop and Michelin, and still later for the reintroduction of 
the solid Ring tyres that we now see everywhere on commercial vehicles. 

It will perhaps interest my audience, who for some years past 
have grown accustomed to seeing all our highways covered with automobile 
vehicles ranging from the 6 wheeled 16 ton motor lorry down to the tiny cars 
that have been put on the road within the last two years, when I tell you that our 
journey in 1871 along the Great North Road and other English highways was 
considered such an extraordinary event that our daily progress was recorded in 
The Times and in the best evening paper of those days, the Pall Mall Gazette 
in its earliest form. Most of the time we had reporters of one or other of these 
papers with us and were amused to read very exaggerated accounts of our 
adventures the day after they had occurred. Our large omnibus which was 
constructed to carry 130 people—60 inside, 70 outside—^was divided by a cur¬ 
tain so that the front part became a parlour for my wife and her maid and any 
guests and the back half for engineers and others who joined us for a trip on 
the road. The top of the omnibus was partly occupied by spares, but, being 
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good natured, we frequently took up considerable parties and transferred them 
by road from one village to another. We had a good deal of fun out of these 
visitors. On one occasion running south through a colliery village in Durham 
quite late in the evening a number of the colliery girls who were just going to bed 
jumped on the back platform of the omnibus and asked for a ride as we slowed 
down at their village. Our driver quickened up after we passed the village, 
and I told the young women that if they did not jump off soon we should be 
taking them too far away from their homes. They were very lightly clad and 
I thought they might catch cold. I advised them to step off backwards in the 
proper way, but, no, they knew better than that; they jumped the reverse way 
and everyone of them turned somersaults. 

As this was a Government business we carried a permit from the Home 
Office allowing us to use our discretion as to speed. But the County Magistrates 
did not like this and assembled, held us up on the road. We stopped and the 
chaff that passed between us and the choleric magistrates was most amusing. 
One very red-faced gentleman, to whom I said Good-aftemoon ” as politely 
as possible said, “ 1 will have you in prison within a week,*' and seeing my 
wife laughing said, Yes, and that lady too." 

At a toll-gate somewhere on the road into Scotland near a place called 
Woolcr, the toll-gate was closed against us. We demanded to be let through 
free as on Government work. The gateman had closed and locked the gate 
and said, " Well, you can stay on the road all night." As he spoke, I, who 
was driving, very gently allowed our train to press against the gate, the gate 
bent until it left both hinges and lock and flipped away into the adjoining 
field. The gateman's face was interesting. As this was recorded in T/ie Times 
and the Pall Mall Gazette, on our return journey he saw that he had been 
made a fool of, and the gate was left wide open and he bowed to us most 
politely. 

When we had the train at Wolverhampton at the R.A.S. Show the judges, 
including the Duke of Devonshire, Sir Frederick Bramwell and many other great 
swells came on board and asked us to do a bit of manoeuvring, turning sharp 
circles, figures of eight, etc., in an open space. I was driving, I commenced slowly 
very gradually increasing the speed until we were spinning round figures of 
eight at nearly 20 miles per hour. We heard shrieks from the inside of the 
omnibus. I stopped and I regret to say that many of the judges had been 
sea-sick. The motion of the bus on the huge rubber tyres, far thicker and 
softer than are now found on any buses, seemed to be very conducive to sea¬ 
sickness ; there was a gentle swaying boatlike motion which was too much for 
some stomachs. This mol de met often occurred with this bus. 

As far as I can recollect we had very little trouble with horses on the road; 
we made so little noise, came along quietly. Horses stared at us but were not 
greatly frightened. 

In returning from the North travelling down Dean Street, Newcastle, we 
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experienced the first real bad side slip. The engine with the omnibus measured 
over 6o ft. in length. It was very greasy and although we were descending the 
^reet at a very moderate pace, I found the whole train gradually turning 
sideways across the street. I tried to straighten it by accelerating the engine; 
it made matters worse and eventually we slipped sidelong down the whole 
width of the street, sweeping everything before us, damaging a great number of 
lamp posts and only straightened up when we got to the level at the bottom. 
On the Gateshead side we had to mount an incline of about i in 12 on granite 
sets,very greasy and slippery, and when half-way up the train slipped straight 
backwards to the bottom. We managed eventually to mount the hill by borrow¬ 
ing sacks, which we laid on the street in front of the tjrres, and which we picked 
up and laid down again in rotation, and so we managed to get up the Gateshead 
incline. At the top we were stopped by a number of men and fprcibly taken 
away. We thought we had done some damage, but no—they, who were fore¬ 
men and leading hands of various engineering works, had been very impressed 
by our performance, and they insisted upon standing us a luncheon and drinks. 
So it may be truly said that on these journeys and on the many hundreds of 
jornneys that followed when these engines were used, during the years from 
1871-77, we met with and successfully combated most of the identical troubles 
that are familiar to every one who now drives his car or motor lorry along 
our highways. 

Following my title, you will perhaps say that you now wish to hear my 
views as to the present and future of the motor car. You will gather that in 
the past my recollection and observations are largely personal, but as regards 
the immediate past I do not think it necessary to say much about the period 
from the time Sir David Salomons succeeded in getting the Red Flag Act 
repealed up to the present day other than that the great progress and. 
enormous growth of the automobile industry has been mainly due in these 
latter years to improvements in the internal combustion engine and to the 
great development in mass production in America, notably by Ford, which has 
enabled so many to become motor car owners. 

The chief effect of the enormous turn out of low priced small cars has been 
that all English and American roads are now crowded with car traffic and that 
the streets of our cities arc already overcrowded, so that this traffic question 
and how to deal with it is the question of the day. For whether the motor car 
of the future retains its present principal features, or whether it will be super¬ 
seded by improved cars it is practically certain that now much thought and 
invention must be applied to the traffic problem. 

We are already familiar with Sir Alfred Yarrow’s proposal to deal with the 
difficult question of intersecting traffic by overhead bridges; and with Lord 
Montagu’s suggestion for overhead roadways; but personally I believe we are 
only now beginning to study the great question of how much can be done by 
careful training of motor car drivers of all classes to obey and carry out certain 
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traffic rules which, if carefully followed, would allow of far greater circulation 
and average point-to-point speed in our towns than at present is possible. But 
this is too large a question for me to go into in this paper, and I think that such 
traffic regulation would very fitly form a subject of a Royal Society of Arts 
papei*. 

Strictly belongitig to the traffic problem is that of parking our cars, for 
without facilities for parking one of the great conveniences of owning a motor 
car is lost. The available space in our streets and squares is being so rapidly 
filled up that it is evident that we must devise other means such as have been 
suggested in the Press. I do not think that the conversion of some of our 
public squares into huge garages is feasible or desirable. As a mechanical 
engineer I cannot help thinking that it is not difficult to devise some means to- 
park our cars vertically, that is to say to obtain the cube space necessary for 
parking up to 200 cars on a ground area of 40 ft. by 40 ft. the total height 
required of 160 ft. might be disposed 60 ft. below the ground level and 100 ft. 
above. There are many ways which suggest themselves to the engineer by 
which this vertical parking could be carried out. I have myself made rough 
calculations which show that such a vertical garage could be constructed at a 
cost of 3^60,000 and would yield a handsome percentage on this capital 
outlay. 

Lastly, I come to the futuic of the motor car- -what shall we see, what form 
will it take ten years hence ? No one can say that the present car is free from 
defects; it becomes noisy after wear; it requires the most elaborate precautions 
and balancing of the reciprocating engine to secure reasonable comfort to the 
passengers. The motor omnibus and motor waggon offer great room for 
improvement both as regards riding comfort and reduction of the noise in our 
streets and of the cost of upkeep. Shall we secure these improvements by 
improved workmanship and care in the design of parts, or shall we witness an 
entire revolution in design ? For one thing I believe it will be shown that the 
use of a rapidly reciprocating internal combustion engine is not conducive to 
hoiselessness, to economy, or to low cost of upkeep. On the other hand, the 
motor driven electrical vehicles have shown how the e\ en rotation of the electric 
motor conduces to all three, i.e., comfort of riding, noiselessncss and reduced 
cost. Electrical vehicles using accumulators for storage of power have made 
gigantic strides during the last few years and it docs seem that they are likely 
to develop as the best means of propelling road vehicles for inter-urban purposes 
such as omnibus service, delivery of goods by tradesmen, and street scavenging. 

A final speculation : is the gas turbine hopeless ? Will it not be possible 
to store the exploded gases and use them in some form of turbine electrically 
geared to the wheels of our vehicles ? We have still among us such men of 
genius as Parsons in this country, and Ljungstrom in Sweden, to whom I offer 
this vision of the future—the turbine driven motor car, the smooth running 
noiseless motor car of the future. 
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DISCUSSION. 

The Chairman said that Colonel Crompton had covered so much ground that-it 
was difficult to know on which part of his paper to comment. He wished to point 
out, however, with regard to the lecturer’s last suggestion about the question of 
internal combustion turbine propulsion, that he thought he was right in saying that 
Sir Charles Parsons, who was an authority on turbines, did not believe in the 
possibilities of the internal combustion engine in that direction at all. Sir Charles 
had gone into the problem very thoroughly, and that was his considered view after 
years of inquiry. Furthermore, although he was not sure what size of vehicle 
Colonel Crompton had in mind, it was notorious that it was almost impossible to 
make a steam turbine of any reasonable efficiency unless it was on a large scale. 
One Df the difficulties that Sir Charles Parsons had had in the early days when he 
started making turbines was that there was no demand for large ones, and it was 
impossible to get any reasonable efficiency with small ones. By large ones he 
meant something over i,ooo h.p., and by small, something in the neighbourhood of 
10 h.p. Of course, an engine of i,ooo h.p. was a very large engine to put on a motor 
car ; and that was one of the great difficulties that would have to be surmounted if 
the internal combustion turbine was to be made a practical proposition. He had 
been very much interested to hear Colonel Crompton's views with regard to the 
electrical vehicle, because he personally had been under the impression that it was 
more or less moribund. As far as London was concerned, one saw that a few firms 
like Harrods had vehicles which went exceedingly slowly, although very smoothly ; 
and one sometimes saw them being towed home. That, at any rate, was his 
experience of them ; but he hardly saw one once a week in London. He understood 
that in America the electrical vehicle had gone ahead, but he thought the circum¬ 
stances there must be different. In London he thought there were more electrical 
vehicles ten years ago than there were to-day. He remembered the first automobile 
cabs in I^ondon, which would be about 20 years ago, were all accumulator-driven 
cabs, and lie remembered similar cabs in Paris, in one of which he had gone from the 
Moulin Rouge to the boulevard, which was all downhill; the cab went down the hill 
with a fearful clatter, and on arriving at the bottom the driver had said that none 
of his brakes would work, and he was' not able to stop. That, with about 
10 cwt. of accumulators hanging on underneath, was a rather serious matter. 

He was sure the meeting had been very much interested in Colonel ('rompton’s 
historical reminiscences. What he had said about the solid rubber tyres reminded 
him of the first journey he had ever taken in a motor car, which was in Scotland. 
He had had to go to Glasgow to deliver a lecture on Rdntgen rays, which would 
fix the date at about 1897. Lord Blythwood had asked him if he would like to be 
driven to the station in a motor car ; and, as he had never been in one before, he 
accepted, on being assured that it would get there. About half way to the station 
one of the tyres had become several yards too long, and he had been afraid of missing 
his train ; but the driver was quite equal to the occasion ; evidently that sort of 
thing occurred every day, because he produced a large jack-knife from his pocket 
cut a yard or two off the tyre, fixed the ends again, and the car went on as if nothing 
had happened. 

Mr. W. Worry Beaumont said he also had been much interested in Colonel 
Crompton’s romance with regard to the motor car and its birth, and its present and 
its future. A few years ago. as some present at the meeting might remember, he had 
given first one series of Cantor lectures on road mechanical vehicles, and a few years 
later another series ; and he was sorry to say that the facts he had given in some of 
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those lectures, and also in subsequent papers, did not quite agree with some of those 
that his genial friend, Colonel Crompton, had given in his paper. He did not like to 
say that he did not agree with the lecturer in his eulogy of what Thomson did with 
regard .to the motor vehicle of the future ; but it was not true to say that the great 
advance and that the whole of what we know now in the construction of vehicles of 
that kind had arisen out of the work of Thomson, w'ho made first of all certain kinds 
of tyres and subsequently some other solid tyres. He himself remembered as a 
youngster seeing old Mr. Ransome,of the Ipswich Works, riding in his four-wheeled 
chaise and coming to the works in it, and one heard nothing except the pit-pat of 
the horse’s feet. It w^as then, of course, a remarkable thing to see a trap running on 
rubber tyres. Out of Thomson's invention in 1843 there had come a good deal; so 
much might be said to be true; and a great deal of wdiat Colonel Crompton had 
mentioned with regard to those Indian steam engines, the “ Kavee ” and others— 
one of which he remembered when he was in Ransome’s w^orks as an improver— 
had not been very conspicuously successful. He w^as sorry to contradict Colonel 
Crompton, but it was not true to say that the first agricultural traction engine he 
saw in 1861 was really the first. Agricultural traction engines were made before then. 
William Worby made one for which the Royal Agricultural Society gave a special 
medal in iS 13, and at the same time it was for the first finishing thrashing-machine. 
Besides that there w’ere others. One could not put aside all that was done by Ogle 
and Hancock and Gurney. They only wanted a very little of the help that in 
subsequent years was obtained, with better materials and better tools and better 
methods, to have made an absolute success, quite equal to the success that was 
obtained by others thirty years afterwards. The “ Ravee ” and those others of the 
Indian steamers certainly did a very great deal of work ; but nobody would now use 
any one of the particulars, not even including the tyres, which were important in 
those designs, which were not completely original. 

Colonel Crompton had given something from a memorandum attached to the 
order of the large scale experiment with regard to those engines that were made for 
India, the three-wheeled engines that pulled the monster bus and so on. He wished 
to ask Colonel Crompton to say in his reply whether the statements he had given were 
from memory or whether they weie copied from an actual specification. 

Colonel Crompton said they were a copy of the Government order. 

Mr. Worby Beaumont said there wxre certain statements there which were not 
of the order of a specification. Colonel Crompton also said that he now believed 
that on the day of his first interview with Thomson modem road transport took a 
great step, forward—a step which undoubtedly led to the huge development that 
had since taken place. His friend the Colonel might be perfectly happy in telling 
himself to believe that. With regard to those engines he remember^ very well 
some of them, and he thought they were those that came back, which, as Colonel 
Crompton had said in his history, were made by Ransome, Sims & Head at Ipswich ; 
and anything further from the direction in which improvement, or advance, had 
taken place than the type of those engines one could hardly imagine. Colonel 
Crompton said: “On this trip we found that when we ran with bare rubber tyres, 
which we were able to do in dry weather, the rubber rolled out in front of the 
driving wheels and actually left the polished steel treads “—of the wheels, he 
supposed—“ so that the engine practically ran on the upper “—would he explain 
what he meant by running on the upper ?—“ introduced by the Citroen Company “ 
recently. When that rubber tyre in India ran out ahead like that the vehicle could 
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not be said to,,be run on the upper ; it must have run on the rubber that was on the 
floor, which was used as a track. 

Colonel Crompton said that was what he had said. 

Mr. WoRBY Beaumont, continuing, said that the Colonel stated: “Enough has 
been said to show that this great experiment was the real precursor of modern road 
transport, and that if it had not been for the prohibitive legislation that held at the 
time of the author's return to Kngland in 1875, he was then in a position to do all 
that has been done since in extending road transport as far as it has been done by the 
steam motor waggons of the Foden, Burrell, Aveling “ and other types and so on. 
He v'as sure Colonel Crompton could not have meant to put it quite like that. 

Colonel Crompton said he had meant that, and lie would explain wdiy in his 
reply. 

Mr. Worthy Bi:aumont said tliat with regard to the removal of the Red Flag 
matter, he tlunight Sir David Salomons would be one of the first to say, “ Oh. I took 
«ome part in it, but it was not due to me that the Ked Flag Order was removed." 

Interested as he had been with regard to motor vehicles for every one of the 
purposes to which they were at present put, and especially the internal combustion 
■engine motor vehicles, there was another branch whic h had been referred to, 
particularly by the Chairman, namely, the electrical vehicle. I'liere were now in 
England about 400 charging stations over the country at which those who owned 
-electrical vehicles could go and get cither a full or a booster charge, and there was no 
<ioubt that for certain purposes—and, curiously enough, that applied more particu¬ 
larly in the heavier work—the electrical vehicle was gradually extending in use. 
In the earlier days of the passenger motor vehicles llie electrical means had been 
looked to as belonging to the class of light vehicles ; but to-day, strangely enough, 
from a commercial point of view, the satisfactory working of electrical vehicles was 
in the use of the battery vehicle for heavier work, at which the 1(jw speed, not more 
than about 10 miles an hour, was satisfactory, and heavier work in which the 
relation between vehicle weight and load weight became gradually more and more 
satisfactory; also work where the vehicle collecting this or that material used no 
energy while the operations of collecting and delivering were going on. ^^ehiclcs of 
moderate ton power could run from 25 to 30 miles an hour and deliver at many 
-different places. In all those directions the electrical vehicle had in the last few 
years made very considerable strides. • The difficulty one found was in certain 
•crowded parts of places like London, where the 10 or 12 m.p.h. vehicle was rather in 
tlie way, sometimes, of other vehicles which could do from 13 to 20 m.p.h. in traffic; 
although the rapid acceleration possible with the electrical vehicle was in its favour. 

Mr. Thomas Clarkson said he felt it was a great privilege to be permitted to 
participate in a discussion with such veterans in road transport as Colonel Crompton 
and Mr. Worby Beaumont. It recalled to mind the first tour in England of motor 
cars, organised by the Royal Automobile Club {then the Automobile Club) in 1899, 
when a few cars started from Hyde Park Corner and managed to get to Guildford the 
flrst day, the second day to Winchester ov^ the Hog's Back, and thence to Southsea 
and along the Soutli Coast to Brighton; and throughout that tour those two stal¬ 
warts did it on push bikes. The Colonel, he remembered, had on the Hog's Back 
a push bike with long cranks—9^^^—and he used to try that machine; and 
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certainly he (the speaker) could get along with it, as he had long legs; but he would 
be sorry for short-legged persons on such a machine. A good deal had been done 
since then by the opening of the new chapter in English automobilism. He had 
discussed the question of turbines with Sir Charles Parsons, the smaller ones did 
not interest him ver^' much. 'I'he spea! er was trying to get people to make small 
turbines oi^ fo 500 ^^-P- utilise the steam generated from the waste heat of the 
internal combustion engine, but nobody seemed sufficiently interested to make them. 
Sir Charles had said that their efficiency was not high; some people stated 
that they could prcdiice a turbine of something like 200 h.p. which would yield 
one brake horse-power for J 5 to 16 lbs. of steam per hour and operate practically 
at atmospheric pressure, the main power being produced by the high 
vacuum. 

In listening to Colonel Crompton’s most interesting historical resume, it was of 
special note to compare those early runs on the roads, and he (the speaker/ had done 
some of it in 25 years. One forgot many of the interesting experiences, but 
he did remcmlicr on one occasion driving a bus from Chelmsford down to Torquay 
in October of 1903, the year of great Hoods. One night on a Devonshire road at 
about IT.30 on a bright moonlit niglit, with the moon casting definite shadows 
slantwise on tlie rcjacl, lie misjudged at a cross road the position of the road, and 
went into the ditch at about 20 miles an hour. The bus heeled over with the two 
offside wheels in the ditch. Three horses were obtained, but they broke the tackle 
and ran away, and after two or three attempts the attempt to extricate the bus by 
means of horses was given up, as the farmers were afraid of their getting injured. Hy 
that time a considerable crowd had collected, and he had the idea of utilising the 
crowd. One man was told oil with a chunk of granite to put as a scotch under 
the wheel on the road, and every half-inch the crowd moved the bus tlie scotch was 
placed behind the wheel, and eventually it was got on to the road, little the worse 
for the experience. 

He had been recently concerned in some trials of steam waggons carrying loads of 
12 to 14 tons, and doing journeys of 140 miles a day; and that was a rather 
interesting comparison with those fascinating records of Colonel Crompton’s early 
experiences. He thought it might still be said that notwithstanding the preference 
which had been shown for, and the money and research which had been devoted to 
the development of the internal combustion engine, the heavy steam vehicle was 
still supreme in handling big loads. The internal combustion engine successfully 
handled loads up to 5 or 6 tons, but beyond that the steamer was doing it all. The 
transport people said that the load of 12 to 14 tons was the load that paid. He 
thought some attention might still be given to developing the details of the steam 
wagon, particularly bearing in mind that it enables one to utilise home-produced 
fuels instead of an imported fuel. 

Mr. L. a. Legros, O.B.E., said he had listened with very great intere.st to the 
remeirks of Colonel Crompton on the ancient history of road traction as he saw it in 
England. Every one knew what Colonel Crompton had done in this country with 
regard to military transport, and that his influence hsid been very great, though 
perhaps the actual machines he made did not accomplish very much. Still, the line 
was right, and he had shown the direction which should be followed; but it 
required the large weight of manufacture, and above all the goodwill of the militaiy 
traction people, to see the thing through. Traction to-day in the Army was very 
different from what it was before the war; but still, there was a very great deal 
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which could be done to put our traction on the footing it should bear in relation 
to that of other countries. As he had pointed out in an address to the Automobile 
Engineers, we really want the same sort of development in the War Office as we have 
in the Admiralty. 

Colonel Crompton had alluded to the possibilities of the turbine, and of the internal 
combustion turbine in particular; and with regj^rd to that there was one class of 
machine quite outside traction on the ground, i.e., the aeroplane, in which experiments 
had been performed with a view to improving the running at very great altitudes. 
The super-charging turbine, which had been described in Paris a couple of years ago, 
had shown that by the improvements that had taken place in the manufacture of 
steel, or rather of alloy steels, we now had steels which would stand a very much 
higher temperature than those which were contemplated when Sir Charles Parsons, 
he thought, made the remarks referred to. Nowadays, certain steels, instead of 
resembling lead in their mechanical properties at 700 or 800 deg. F., rather resembled 
ordinary steel at atmospheric temperature. Steels would now stand the exhaust tem¬ 
peratures of the internal combustion engine; and in b 'ranee turbines of high efficiency 
had been made which worked with the exhaust gases of the internal cfm jbustion engine, 
and from the exhaust gas to the internal combustion turbine was a much smaller step 
than it was from the steam turbine to the exhaust gas turbine. He thought, therefore, 
that although we were not at present in a position to have an internal combustion 
turbine-driven car, the day was possibly not very far off when progress in steel and in 
other materials, and possibly in methods of cooling, would enable an engine 
of that type to become practical; and the progress in machining and manipulation 
of materials would enable the thing to be made. But it was easy to look back and 
think that what one tried to do years ago would have been all right, for it would 
have been if the conditions of manufacture and the qualities of materials and 
conditions of all sorts of other things had been only a little bit different from what 
they were then. The men at that time did their best with what they had Their 
best was extraordinarily good under those conditions, and it must not be belittled ; 
but, on the other hand, one must not imagine that if one had had the knowledge of 
to-day one would have certainly got on to the stage in which men were now, because 
progress liad depended on so many lines of improvement all working simultaneously. 

Mr. a. E. Parnacott said the author was to be congratulated, at his years, on 
facing the crowd, as it were, after having faced ridicule and chagrin the whole of his 
life in new work, in putting forward his views and in prophesying. He (the speaker) 
had been disappointed in reading the paper to see how little the author had said 
about the present, and still less about the future, of the motor-car. In view of what 
Mr. Legros had said about the progress which had been made with metals, he might 
say that his works had delivered 18,000 piston rings for the Le Rhone engines which 
. were so tough at high temperature that they would spring back to dead shape. 

In prophesying the gas turbine of the future the Colonel was probably overlooking 
two new fields of investigation, namely, the direct production of electricity by the 
consumption of fuel, and, secondly, the direct conversion, possibly through the 
thermionic valve of wireless telephony, of tliose electro-magnetic waves of energy 
which reach the earth from the sun. 

Might he say a little as to the present motor-car, and then, if time permitted, 
venture some comments as to the future. The present motor-car of British production 
hqd an engine so proportioned that it cheated the tax on cylinder bore by excessive 
piston speed. That so-called horse-power tax had led not to the reduction of 
tare weight, but to the production of diminutive cars with tiny engines quite un- 
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suited to rough service and overseas generally. The 14,000,000 square miles of 
British Empire, peopled by no less than 450,000,000 people, was awaiting land 
transport. Transport was the life-blood of modern interdependence. The present 
motor vehicles were not suited for other than well-made roads, the mileage of which 
was relatively infinitesimal. • The world war proved that big-engined light vehicles, 
notably the Ford, were more serviceable than any other vehicle. Reduced tare and 
more reasonable engine speeds should be encouraged. Personally he believed that 
the Jowett four-seater, a British production, which weighed only two-thirds of the 
usual so-called light car, and of the Ford, would continue to increase in demand. He 
would like to ask the Colonel if he concurred with him in the belief that a tax on the 
tare weight would go far towards reducing the weight of vehicles, as the present tax 
had gone far towards reducing the bore of engines. 

As to the future vehicle, he felt that if tare weight could be reduced it would be 
most suitable for overseas, where the mineral and agricultural produce was waiting 
for good road transport. He had had letters from overseas within the last month 
on the subject, asking what could be done. He had had in mind that such vehicles 
should be as far as possible fool-proof. In Africa the natives were not so intelligent 
as those described by Colonel Crompton. They had no idea of centrifugal force; 
they would go at the same speed round comers as on the straight, with the result 
tliat the vehicles overturned. He thought the vehicle of the future should have about 
one-third of the present tare weight, which would make it suitable for 
travelling over roads other than main roads. It should be braked on all four wheels, 
with four-w'heel drive, so as to avoid the stalling on grease or mud. 

With regard to rubber tyres, the author had mentioned the very wide band tyres 
used in the early days, where there was no room for the rubber to move from the 
centre sideways; it must move in front, and the net result was that the rubber 
having to move from immediately under the wheel moved forward and caused the 
looping in front of the tyre—a difficulty which was now got over with the solid band 
tyres at present in use by reducing the width of the rubber and by vulcanising a 
special rubber on to the iron band so that the india-rubber proper would remain in 
position. 

Colonel Crompton, in reply, said he had hoped that when Mr. Worby Beaumont 
spoke he would speak on a subject about which he undoubtedly knew something— 
namely, electrical vehicles. He was sorry Mr. Beaumont had not been present the 
previous niglit, when the room had been crowded with a meeting dealing with the 
question of electrical vehicles, and where opinion was almost unanimous that they 
were going to have a great future, both with the trolley vehicle for long stretches 
of country, road and, for town work, the accumulator vehicle. 

As regards some of Mr. Beaumont’s criticisms, he had been asked to alter his 
proof. He would do nothing of the kind. Every word he had put into his paper 
was either copied from Government documents, or, as regards matters of opinion, 
expressed opinions which he still firmly held. 

He agreed with a great deal of what Mr. Le Gros had said. Undoubtedly progress 
was largely due to good teamwork and the co-operation of many minds. 
As to the future, he merely asked the question—whether there was not going to be 
a great revolution in the use of some form of rotary engine that would have the 
advantages, which no one knew better than Mr. Beaumont himself, in reducing the 
running costs to those of electrical vehicles. He had not spoken to Sir Charles Par¬ 
sons about the turbine, but Sir Dugald Clerk, who had paid very close attention to 
the matter, told him quite recently that he was hopeful of storing exploding mixtures 
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in reservoirs and from thcncc* taking off a constant supply into some form of turbine 
or of rapidly rotating engine. 

With regard to Mr. Pamacott’s remarks as to the i eduction of tare weight, that, 
of course, was what every designer had been at for very many years. He thought 
Mr. Pamacott had made a very good point as to the width of tyres. Wide tyres 
were a great mistake, and were one cause of heavy wear in service. 

In conclusion he would only say that if hiS'paper had served to vindicate the 
memory of that great Scotsman who had devoted so much money and so many 
years of his life to the development of the road vehicle, lie should feel satisfied that 
he had done something useful. 

A vote of thanks to the author, which was proposed by the Chairman, was earned, 
una’iimously. 


MINIATURE OF WILLIAM SHIPLEY, THE FOUNDER 
OF THE SOCIETY. 



Through the kindnes.s of Mr. Herbert Monckton, of Maidstone, the 
Society has become re-posscssed of an admirable miniature of William Shipley,, 
the founder of the Society. The portrait is the work of William Hincks,. 
an Irish painter and engraver, who was born at Waterford, according to 
Bryan's Dictionary of Painters and Engravers, al>out the middle of the i8th 
century. He supplied.illustrations for an edition of Tristram Shandy, and drew 
.and engraved a series of designs relating to lipen manufacture. He came 
to London, and occa ionally exhibited portraits, historical subjects, and 
miniatures at the Royal Academy from 1781 to 1797." 

The following extract relating to the miniature is taken from the Preface 
to the Transactions of the Society, VoJ. IV. (1786) :—“ The print, which is afi&xed 
as a frontispiece to this volume is an c^xact portrait of the founder of this 
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Society; the picture from which this print is taken was painted from the 
life by Mr. Wm. Hincks, who also engraved the copper-plate, and presented 
them both to the Society, for the purpose of perpetuating the memory and 
recording the likeness of Mr. William Shipley.*' 

The engraving, which was reproduced in Sir Henry Trueman Wood’s 
History of the Royal Society of Arts, differs slightly from the original miniature, 
as it shows a little more of the figure, and the arrangement of the opening of 
the waistcoat is not quite tlie same. The face, however, and the pose of 
the head are identical in lx)th works. 

It will bo .seen that, according to the extract quoted above, the miniature 
was presented to the Society by the artist. It is not known exactly how it 
passed out of the Society’s possession. In tlu^ latter part of his life Shipley 
retired to Maidstone, where he was an intimate frumd of two bachelors named 
Peale, who lived in Knightridcr House, and their sister-in-law, Mrs. Peale, 
of Loose, gave the miniature to Miss Monckton in 1866. On the death of 
this lady, her brother and executor, Mr. Herbert Monckton, found the 
miniature, and he has generously handed it over to the Society. 

A reproduction of the work, which is considered to be a very beautiful 
specimen of miniature painting, is given at the head.of this article. 

It may not be out of place to quote the following particulars about William 
Shipley, which are taken from Sir Henry Trueman Wood's History of the 
Society (pages 9-11) i- - 

'' Not very much is really known about Shipley’s life. He is said 
to have b(*en born in London in 1714. His father was Jonathan Shipley, 
' Citizen and Stationer ’ of London. He was a native of Leeds, who 
afterwards lived in Walbrook. William’s mother was Martha Davies. 
Her family owned Twyford House, near Winchester, and the property 
was inherited by Shipley’s brother Jonathan, the Bishop of St. Asaph. 
He was a liberal-minded divine, and a friend of Franklin. It was said, 
probably without truth, that he might have been appointed Archbishop 
of Canterbury but for his strongly-expressed opposition to the American 
War. 

" William Shipley appears to have been an active-minded man, full 
of ideas, and with some capacity for organisation, but perhaps devoid 
of ambition, for he never seems to have troubled himself to obtain either 
credit or profit out of the succes.sful realisation of his ideas. According 
to a Maidstone tradition he was an absent-minded man, so much so, 
that on his way to church to be married he was led away by the sight 
of a rare butterfly to start on its pursuit, and consequently he arrived 
late for the ceremony. At all events, as soon as the Society he suggested 
was successfully established and flourishing, he retired from its concerns, 
though for some four years he seems to have devoted himself energetically 
and without much pecuniary reward to its establishment. For the 



28 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Nov, 21, 


first year after the Society was formed he acted as secretary without 
pay. When the Society was formally constituted in 1755 he was appointed 
secretary, and this post was afterwards, in 1757, changed to that of 
registrar. 

“ In October, 1760, at a regular meeting of the Society, a letter from 
Shipley was read, ‘ acquainting the Society of his having lately engaged 
in business of such importance as to render him incapable of discharging 
his duty to the Society as their registrar without very much injuring 
his own affairs.* What this business was does not appear. It may 
have been the development of his Academy. At all events, his resignation 
was accepted, with thanks for his past services. That his retirement 
was not due to lack of appreciation of those services may be assumed 
from the fact that he was made a ' perpetual member * of the Society 
in 1755, was presented with its gold medal in 1756, and had his portrait 

painted for the Society by Cosway, his former pupil. 

It may be that Shipley's capacity lay rather in the direction of 
origination than of administration. At all events, we hear little more 
of him in connection with the Society after 1760. He occasionally 
attended meetings of the Society, and of its committees, and in 1776 
he was awarded a silver medal for a life-saving appliance of no great 
merit. When the date of the Society's jubilee (1804) was approaching, 
some suggestions were made that this would be a fitting occasion for 
doing honour to its founder, but his death in 1803 put a stop to all proposals 
of the sort. In 1768 he went to live at Maidstone, where he was married, 
and remained until his death in 1803. He was buried in the churchyard 
of All Saints' Church. All that is known of his life at Maidstone is that 
he established a local society on the same lines as the Society of Arts, 
and busied himself in philanthropic work." 

Mr. Herbert Monckton (the donor of the miniature) has kindly contributed 
the following note :— 

" William Shipley, long an inhabitant of Maidstone, was originally an 
artist in London, where he opened a School for teaching drawing. Several 
of his pupils became eminent as painters, and the example of his school 
contributed, it is said, to the establishment of the Royal Academy. In 1754, he, 
conjointly with Lord Romney and several other gentlemen, originated the 
Society of Arts, and for some time acted as Secretary, and in 1758 the Members 
presented him with a Gold Medal with the inscription ‘To William Shipley whose 
public spirit gave rise to this Society.’ ♦ * There is a handsome monument 

to him in the North West Comer of All Saints' Churchyard, Maidstone.'* 
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NOTES ON BOOKS. 

International Orthotypk. Part II. By A. Deane Butcher., The Story 
of Ccndrillon, transcribed from the Phonetic Script of M. Paul Passy. 
London: F. J. Dangerfield. is. net. 

Dr. St. Clair Tisdall, who writes the preface to this little book, remarks: 
“The system of Orthotype needs only to be known in order to achieve a great 
success, and to be regarded as one of the most valuable inventions of modern 
times." 

The type has been so fully provided with the same simple geometrical signs, 
indicating the movements of the vocal organs in speaking h'rench or English, 
that any beginner who knows his own language is enabled to read the story 
Ccndrillon out loud at the rate of one hundred and twenty words a minute, with 
M. Passy’s own pronunciation, and that without any cumbrous rules, and from 
the very first lesson. 

The system of printing all languages in the same notation is not only an aid 
to the teacher of large classes, but is a perfectly automatic “ I.ook and Say, Hear 
and Write " scientific method of self tuition, by the use of which, it is claimed, 
any commercial traveller will be enabled to sell British goods, with misleading or 
unpronounceable names, in foreign markets. It is also said to do away with the 
serious handicap from which all English-speaking people suffer, by reason of 
their own faulty education and unscientific antiquated print. 


Ancient Egyptian Works ok Ari. Jiy Arthur W'eigall. London: T. Fisher 
T^nwin. 35. 

Our conception of Egyptian art has, no doubt, suffered mucli from the fact that 
what is left of it is generally exhibited to very poor advantage. Egyptian relics 
arc for the most part regarded as curios rather than objects of art, and thus, even 
in such places as the British Museum, they are treated rather as historical and 
archaeological facts than as artistic treasures. This point of view has led to the 
indiscriminate b.erding together of all kinds of pieces, greatly to the detriment 
of those that pos.sess real artistic beauty, for they arc mixed up higgledy-piggledy 
with masses of things whose chief claim to interest lies in their great age and the 
light that they may throw on early civilisations. It is Mr. Weigall’s object in 
this volume to extract the artistic gold from the dross, and “ to bring to the notice 
of persons interested in art a series of Egyptian antiquities which will show the 
artists of the Idiaraohs at their best." 

The period dealt with extends from the beginning of dynastic history in Egypt, 
about 3500 B.C., to the first century of the Roman occupation, and this is divided 
up into twenty sections. The author contributes a brief note on each section, 
which is follow^ed by photographs of works characteristic of the age. In all there 
are some five hundred illustrations representing statues, busts, paintings, reliefs, 
jewellery, etc. A study of these—even a cursory perusal—leaves one with two 
prevailing impressions: the first is w'onder at the quality of some of the ^rliest 
work, executed over five thousand years ago ; the second is a full and frank 
acknowledgment of the very high level of artistic merit produced by the best 
workers throughout the whole period covered. 

The subjects for illustration have been selected with admirable taste, and one 
would like to draw special attention to many of the pictures were it not that 
comment on them would be rather meaningless unless they were reproduced here. 
In spite of this objection, however, one cannot refrain from expressing admiration 
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for the picture of the doorway in the Temple of Dendur on page 352. “In all 
Egypt/' \^fites Mr. Weigall, “ there is not a more beautiful doorway/' The delicacy, 
the harmony and the dignity of the ornament would be hard to beat in any country. 

From what has been written above it will be seen that Mr. Weigall views his 
subject from a somewhat new angle. His lifelong experience as a field explorer 
and as Inspector-General of Antiquities to the Egyptian Government, and the 
numerous works which he has already published, arc suificient guarantee of his 
high standing as an archaeologist; but in emphasising the artistic side of the work 
he has succeeded in giving a most convincing proof of the very liigli level attained 
by Egyptian artists, sculptors and craftsmen. Another point about the book 
is that it will appeal to the layman no less than to the Egyptologist: if the latter 
may taste an added professional joy in disputing some of the dates suggested by 
Mr. Weigall, any one with a modicum of artistic perception will find page after 
page to rouse his interest and admiration. 

A word of praise must ho given to the publishers and printers of this volume 
for the excellent way in which the illustrations have been rcproducwl 


COTTON GROWING IN COLOMBIA. 

The following note on Colombian cotton as grown in the Departments of 
Atlantico and Magdalena is takan fiom the recent report of His Majesty's Consul 
at Barranquilla:— 

The (jossypium Arboreuin, or tree cotton, is sown in April or August, according 
to rains and local conditions. Picking takes place during March and April. 

An average cotton plant has a life of six to seven years ; after that date the plant 
is rooted up and new seeds sown 

There arc approximately 1,500 trees of seed cotton per hectare, and the average 
production per ticc is } lb., which gives 30 arrobas per hectare of seed cotton, 
or 240 lbs. of ginned cotton. The latter figure is approximate only, as figures 
as low as 14 arrobas per hectare and as high as 65 arrobas per hectare are recorded, 
all depending on the amount of rain between April and October. 

After the first year’s crop the cotton trees arc pruned down to within 24 inches- 
of the ground (an average tree grow^stoabout 8 feet high) for two consecutive years, 
and the third year the tree is cut down to ground level, generally after the first 
rains. 

Trouble has been caused bywhich destroy completely the cotton plant 
by devouring it. 'J'hese caterpillars only make themselves present in the very 
dry season, and are destroyed by the application of Paris green. It is calculated 
that the total production of the Departments mentioned above will not exceed 
250,000 arrobas this year (1924), it being calculated that there are approximately 
8,300 hectares under cultivation. 

Certain cotton planters have recently been studying irrigation for the plantations, 
and it is calculated that a production of 60 to 70 arrobas per hectare can readily 
be produced with irrigation. 

THE IRON ORE DEPOSITS OF SWEDEN. . 

The Swedi.sh deposits of iron ore occur mainly in two distinct regions, viz.. 
Central Sweden and in Lapland. The first-named region comprises an area of 
about 15,000 square kilometres, within which are found the well-known ore deposits 
of Dannemora and Grangesberg.' The Lapland iron ere deposits are mainly situated 
to the north of the Arctic Circle, between 67° and 68° north latitude and between 
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19® and 22° east longitude, Greenwich. Within this district, which has an area of 
about 8,000 square kilometres, are to be found the largest depositJi' of ore iron in 
Sweden, viz., Kirunavara and Gcllivare, from which large quantities have been 
exported during the last few decades. In virtue of a former resolution paSvSed by 
the Riksdag, investigations have been in progress during the past 10 years for the 
purpose of arriving at an approximate calculation of the available'iron ore deposits. 
In this connexion, writes the Commercial Secretary to H.M. legation at Stockholm, 
in his annual report, very important reports were submitted by the experts during. 
1923, according to which the total deposits in the northern ore fields are estimated 
at no less than 1,500,000,000 tons, and those in Central Sweden at 260,000,000 
tons, providing the latter are worked to a depth of 200 metres. Borings carried 
out to a depth of 960 metres below the surface at Kirunavara have .shown that the 
ore body continues ta.this depth, and is of great thickness and purity. It is,^ 
therefore, calculated that the quantity of ore available at this mine is far in excess 
of the 740,000,000 tons estimated in 1913, when the limit of the ore body was 
assumed to be 300 metres below tlie surface. An analysis of the samples from these 
borings shows that the quality has been found to be superior at greater depths than 
nearer the surface, inasmuch as the proportion of first grade ore, with a low content 
of phosphorus, is much greater, rising from 30 per cent, in the existing workings to 
60 to 70 per cent, at a greater depth. 


MEETINGS OF THE SOCIETY. 

Ohdinaky Meetings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced :— 

Novembek 26. —C. F. Elwkll B.A., ** Talking Motion Pictures." Alan 

A. Campbell Swinton, F.R.S., will preside. 

December 3.— Professor C. A. Carus-Wilson, M.A., F.R.A.S., "The 
Teaching of Science in Secondary Schools." Sir Robert Abbott Hadfield, 
Bt., D.Sc., F.R.S., will preside. 

December 10. (5.0 p.m.).— Norman Thomson, " Colombia as a Field for 
Development." Thomas J. Tve, Vice-President of the Anglo-Colombian 
Chamber of Commerce, will preside. 

Thursday, December ii.- -Senatore Guglielmo Marconi, G.C.V.O., LL.D., 
D.Sc., Chairman’s Inaugural Address. 


Indian Section. 

Friday Afternoon at 4.30 o'clock :— 

December 5.— Lieut.-Colonel R. McCarrison, C.I.E., M.D., LL.D., 
D.Sc., F.R.C.P., Indian Medical Service, " Problems of Food, with Special 
Reference to India." Professor Henry E. Armstrong, Ph.D., LL.D., 
D.Sc., F.R.S., will preside. 


Papers to be Read after Christmas. 

Sir Ernest Rutherford, M.A., D.Sc., F.R.S., Trueman Wood Lecture, 
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Sir J. Fortescue Flannery, Bt., Past-President of the Institute of Marine 
Engineers, .V:The Diesel Engine in Navigation.** Lord Bearsted will prbside. 

Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., The Power of Internal Com¬ 
bustion Engines for Motor Cars.** 

Major-General Sir William Sefton Brancker, K.C.B., Director of Civil 
Aviation, Air Ministry', “ Commercial Aviation.** 

Henry G. Dowling, “ Wallpapers.** 

Claude H. Friese-Greene, “ Colour Film Processes.** 

J. S. Owens, M.D., A.M.I.C.E., F.G.S., Superintendent Advisory Committee 
on Atmospheric Pollution, Air Ministry, Meteorological Office, “ Modern 
Atmf'spheric Conditions.'* 

Sir Samuel Instone, “ The Thames Passenger Services.** 

Cedric Chivers, “ Bookbinding.** 

Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., Department of 
Glass Technology, University of Sheffield, ** The Modern Production.of Sheet- 
glass.** 

C. R. Peers, C.B.E., F.S.A., Chief Inspector of Ancient Monuments and 
Historic Buildings. Subject to be announced later. 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.), B.Sc., 
D.P.H., F.R.C.P.E., The Trend of Modern Hygiene.** 

Mrs. Graydon-Stannus, ** Irish Glass, Old and New.** 

Charles A. Baker, Engineering Department, London County Council, 
" The Electrical Equipment of the London County Hall.** 

Emile Cammaerts, The Restoration of Public Buildings in Belgium.** 
Lieut.-Colonel Sir David Prain, I.M.S., C.M.G., C.I.E., M.A., LL.D., 
F.R.S.E., F.K.S., Sir George Birdwood Memorial Lecture, ” Government 
Botanical Gardens.** 

J. T. Marten, M.A., I.C.S., ** The Indian Census.’* 

Sir Henry Sharp, C.S.I., C.I.E., M.A., The Development of Indian 
Universities.** 

Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
“ Indian Meteorology.** 

Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., ** The 
Heart of Asia and the Roof of the World.’* 

Sir Alfred Chatierton, C.I.E., Assoc.M.Inst.C.E. Subject to be 
announced later. 

Lord Stevenson, G.C.M.G., “ The British Empire Exhibition, 1924.** 
Hon. William G. A. Ormsby-Gore, M.P. Subjept to be announced later. 
Lord Blyth, " Penny Postage and Postal Communications Generally.*' 

Cantor Lectures. 

Monday evenings, at 8 o'clock. 

Louis C. Martin, D.I.C., A.R.C.S., D.Sc., Lecturer in the Department of 
Optical Engineering and Applied Optics, Imperial College of Science and 
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Technology, South Kensington, “ Modem Colour Problems.'' Three Lectures. 
November 24, December i and 8. 

1-ECTURE I.—The relations of light and colour. The physical basis of 
colour vision. The production of artificial daylight. Early efforts and 
modem improvements. The application of artificial daylight for time saving 
in industry. 

Lecture II.—The psycho-physical basis of colour measurement. Specifica¬ 
tion of colour in terms of three variables. Colour systems and charts. Definite 
problems in colour measurement and their importance in Commerce. 

Lecture III.—Colours of material objects. Some colorimeters and their 
possible accuracy. Limited range colorimeters and nephelometcrs. General 
lines of progress. Probable limitations of these methods. 

V. E. Pullen, Director, Radiological Research Department, Woolwich, 

Radiological Research—^A History." Three Lectures. January 19, 26, 
Febniary 2. * 

Lecture I.—Natural Philosophy. The Fascination of speculative 
philosophy. The border line between science and philosophy. Early natural 
philosophy. Development of theory. Discovery of X-rays. Controversy 
as to their nature. Modern theory concerning X-rays. Relation to modern 
atomic theory. 

Lecture 11.—-Early apparatus. Early X-ray generators. Early vacuum 
tubes. X-ray tubes. Development of electrical generators. Development 
of X-ray tubes. The X-ray spectrometer. Measuring apparatus. Lines 
of modern radiological research. 

Lecture 111 .—Early applications of X-rays. Development of medical 
uses. Modern applications. Physiological dangers. Necessity for pro¬ 
tection. 

Walter Rosenhain, B.A., B.C.E., D.Sc., F.R.S., Superintendent of the 
Department of Metallurgy and Metallurgical Chemistry at the National 
Physical Laboratory, " The Inner Structure of Alloys." Three Lectures. 
February 16, 23, March 2. 


Howard Lectures. 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels." Three Lectures. 
April 20, 27, May 4. 


Dr. Mann Juvenile Lectures. 

Wednesday afternoons, at 3 o'clock. 

Lieut.-Colonel G. M. Richardson. Two Lectures. 

Lecture I.—January 7.—“ Dogs in War.” 

Lecture II.—January 14.—” Dogs in Peace.” 

(Special tickets are required for the Dr. Mann Juvenile Lectures.) 
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AIBBTINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK.-. 

Monday, Novbuuer 24, .Colonial Insiltuto, Hotel Victoria, Northumberland Avenue, W.C., 8,10 p.m. Sir George 
Filter, '■ Links of Empire.” 

Electrical Enginesrs, Institution of, Savoy Place. Victoria Embankment, W.C. 7 p.m. (Informal 
Meeting.) Discussion on The Electrostatic Wattmeter used for Measuring Dielectric Losses 
in Cables.” 

Victoria League, 22, Eccleston Squan*, S.W. 5 p.m. Sir 'fhomas W. Arnold, ** The Prophets of 
Islam in Art.” 

Architectural Association, 34, Bcdfonl Square, W.C. 8 p.m. Mr. K. J. T. Lutyens, ” A.A. Excursion 
in Spain.” 

University of London, King’s College, Strand, W.C. 5.30 p.m. Prof. B. O. E. Ekwall, '* English Place 
Names.” (I^turc II.). 

5..^n p.m. Dr. R. W. Seton-Watsoii, “Austria-Hungary, 1867-1018.” (Lecture VIII.) 

People’s League of Health, at the Mi*dical Society, 11, Chandns Street, W. 6 p.m. Sir Frederick 
Mott, ” Mind and B<xly.” 

Tuesday, Novemher 25 . .Anthropological Institute, at the Royal Society, Burlington House, Piccadilly, W. 8.30 p.m* 
I*rof. Ur. R^n6 Vcrneait,” La Race de Neanderthal ct la race de Grimaldi: lent role dans rHumatiit6> 
(Huxley Memorial I.ccturc.) 

Marine Engineers, Institute of, 85, The Miuories, K., 6.30 p.m. Mr. D. L. Thornton, “The Role of 
lechiiical Training in Marine Engineering.” 

Photographic Society, 35, Russell Square, W.C. 7 p.m. Mr. F. R. Newens, “ With Camera and Colour 
rtate.” 

University of Loudon, King's College, Strand, W.C. 5.30 p.m. Sir Bernard Parcs, ■“ Contemporary 
^ Russia from 1861.” (Lecture VIH.) 

3.^30 p.m. Miss Hilda D'. Oakley,*' The MiHosophy of the Absolute in English Thought.” (Lecture 

Wednesday, November 26. .Microscopical ^ciety, 20, Hanover Square, W. 8 p.m. (Industrial Applications 
&^liou.) Joint Meeting with the Institution'of Structural Engineers. (1) Discussion on the 
Microscope in the Portland Cement Industry. (2) Mr. J. K. Barnard,** Self-Luminous Objects.” 
University of I^iuloii, ITniversity College, Gower Street, W.C. 5.30 p.m. Mr. A. Estlaile, “ The 
British Museum Library : II. The Collections.” 

At the Royal Academy of Music, Marylebone Ro.id, N.W. 3 p.m. Lecture by Mr. P. A. Scholes. 
At King’s (College, Strand, W.C. 5.30 p.m. Prof. B. O. E. Kkw’all, “ English Place Names.” 
Lecture III.) 

Public Health, Royal Institute of, 37, Russell Square, W.C. 4 p.m. Prof. Winifred CulUs, “ The 
Practice of Health,” 

Chadwick Public Li'Ctiire, at the Mtriical Society, 11, ChamiosStreet, W. 5.15 p.m. Dr. W. M. Feldman, 
” Ante-Natal Child Physiology aiid Hygiene.” 

China S<icietv» School of Oriental Studies, Finsbury Circus, L.C. 5 p.m. Lt.-Col. E. F. Strange, 
“ Chinese Lacquer.” 

Thursday, November 27. .Massage and Medical Gymnastics, ChartiTcd Society of, at the Royal Socieiy of Arts* 
John Street, Adelphi, W.C. 6 p.m. Lecture by Dr. W. T. G. Pugh. 

Royal Swicty, Burlington House, Piccadilly, W. 4.30 p.m. 

Antiquaries, Society of, Burlington House, Piccadillv, W. 8. toj^.m. 

Textile Institute, 38, HliKmisburv Square, W.C. 5.45 p.m. (Informal Mi-eting.) Mr. D. Anthony- 
Lansdale, “ WaterpnMifing of Fabrics.” 

Aenmauiical Society, 7, Albciu.irlc Street, W. 5.30 p.m. Dr. (L C. Simnson, " nmnderstorms.” 
Child Study Society, yo, Buckingham Palace Road, S.W. 6 p.m. Dr. J. J. Findlay. Education 
and Rlwthm.” 

Mechanical Engineers, Institution of (Glasgow and West of Scotland Section). Royal Technical College, 
Glasgow. 7.30 p.m. Joint Meeting with the Institution of Locoimitive Engineers. Signor 
Caprotti, “ A New Valve-Gear for Ia>coinotives.” 

London County Council, at the Geffryo Museum, Kingsland Road, E. 7.30 p.m. l*rof. I. Beaumont, 
“ Italian Funiitiire and Decoration.” , 

University of l^ondon, University College, Gower Street, W.C. 5.30 p.m. Prof. E. G, Gardner, “ ITie 
Personality of Ma/.ziiii.” 

.5.3” P.ni. Prof. P. Gcyl, “ William HI. as Stadholdcr.” (Lecture I.) 

At King’s College, Strand, W.C. 3.15 p.m.' Prof. J. A. K. Thomson, The Social and Political 
Ideas of some Great Thinkers of the Renaissance and Reformation.” (Lecture VI.) “ Disidcrius 
Erasmus.” 

5.30 p.ih. Sciior O. V. S<i]omoii, ** Peru,. Old and New.” (Lecture II.) 

.3.30 p.m. Prince 1). S. Mirsky, ** The Russian Novel from Turgenev to Chekhov.” (Lecture Vill.) 
At the Bedford College for Women, Regent’s Park, N.W. 5.15 p.m. I’rof W. N. Jones," Dual 
Personality in Plants.” 

i'RlDXY, November 2fi. .Meteorological Society, Joint Meeting with the I’hysical Society, at the Imperial College of 
Science and Technology, Imperial Institute Road, South Kensington, S.W. 5 p.m. Discussion 
on “ *• Ionization in the Atmosphere; the Influence on the Ihropagation of Wireless Signals.” 
(i) Dr. W. H. Hcclcs, Opening Address. (2) Dr. C. Chrcc, “ Atmospheric Ionization and its 
Variations.” (3) Prof. E. V. Appleton,” Experimental Observations of the' Strengtli of Wireless 
Signals as affected by the Path of the Signals, time of day and season of year.” (i) Mr. R. A. 
W. Watt, “ Atmospherics.” (.3) Prof. C. T. R. Wilson. " The Electric Field of a Inunderstorm 
and some of its EfIectSv” ( 6 ) Prof. S. Chapman, ** The Evidence of Terrestrial Magnetism for the 
Existence of Ionized Layers in the Upper Atmosphere.” 

Mechanical Engineers, Institution of. Storey’s Gate, Westminster, S.W. 7 p.m. (Informal Meeting.) 
Mr. G. L. Ponsford, “ Centrifugal and Rotary Wimps.” 

(Yorkshire Branch.) Sheffield. 7.30 p.m. Prof. F. C. Lea, “ The Effect of Repetition Stresses 
on Steels.” 

Photographic Society, 35, Russell Square, W.C. 7 p.m. Capt. C. W. R. Knight, “ Bird Life from an 
Obsenration Post.” 

University of London, King’s College, Strand, W.C. 5.30 p.m. Dr. O. Votfadlo, “ Three Champions 
of Bohcmi{in Refonnation.” (Lecture IV.) 

5.30 p.tn. Prof. E. W. B^cBndc, ** Sdentifle Method.” 
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NOTICES. 


NEXT WEEK. 

Monday, December ist, at 8 p.m. (Cantor Lecture.) Louis C. Martin, 

D. I.C., A.R.C.S., D.Sc., Lecturer in the Department of Optical Engineering 
and Applied Optics, Imperial College of Science and Technology, South 
Kensington, " Modem Colour Problems." (Lecture II.) 

Wednesday, December 3rd, at 8 p.m. (Ordinary Meeting.) Professor 
C. A. CARUS-W11.SON, M.A., F.R.A.S., " The Teaching of Science in Secondaiy 
Schools." Sir Robert Abbott Hadfield, Bt., D.Sc., D.Met., F.R.S., will 
preside., 

Friday, December 5th, at 4.30 p.m. (Indian Section.) LiEur.-CoLONEt 
R. McCarrison, C.I.E., M.D., LL.D., D.Sc., F.R.C.P., Indian Medical Service, 
" Problems of Food, with. Special Reference to India." Professor Henry 

E. Armstrong, Ph.D., LL.D., D.Sc., F.R.S., will preside. Tea and coffee in 
the Library at 4 o’clock. 


CaiAlRMAN’S INAUGURAL ADDRESS. 

The Chairman’s Inaugural Address, which had to be postponed owing to 
the unavoidable absence abroad of Senatore Guglielmo Marconi, G.6.V.O., 
LL.D., D.Sc., will be delivered on Thursday, December iith, at 8 p.m, the 
subject beirlg "Radio Communications." * 

The Swiney Prize and the medals awarded for papers read during the past 
session wiU presented. 

Tea and coffee will be served in the Library after the meeting. 
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DOMINIONS AND COLONIES AND INDIAN SECTIONS. (JOINT MEETING.) 

The paper by Lord Stevenson, G.C.M.G., on " The British Empire 
Exhibition," has been unavoidably postponed to January 19th. 


* DR. MANN JUVENILE LECTURES. 

Under the Dr. Mann Trust a short course of lectures adapted to a juvenile 
audience will be delivered on Wednesday afternoons, 7th and 14th January, 
1925, at 3 p.m., by Lieut.-Colonel E. H. Richardson, on "Dogs in War" 
and " Dogs in Peace." The lectures will be fully illustrated with lantern 
slides, and by the dogs themselves. 

Special tickets are required for this set of lectures. A sufficient 
number to fill the room will be issued to Fellows in the order in which applica¬ 
tions are received, and the issue will then be discontinued. Subject to these 
conditions, each Fellow is entitled to tickets admitting two children and 
one adult. Fellows who desire tickets are requested to apply to the Secretary 
at once. 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on “ A Study of the Destructive Distillation of 
Coal," by Edward Victor Evans, O.B.E., F.I.C., Chief Chemist and Products 
Manager, South Metropolitan (ias Company, have been reprinted from the 
Journal, and the pamphlet (price 2 S.) can be obtained from the Secretary, 
Royal Society of Arts, John vStreet, Adelphi, W.C. 

A full list of lectures which ha\'e been published separately and are still 
on sale can also be obtained on ap)pIication. 


PROCEEDINGS OF THE SOCIETY. 

SECOND ORDINARY MEETING. 

Wednesday, November 19TH, 1924. 

Mr. Edward Brown, F.L.S., President of the International Association 
of Poultry Instructors and Investigators, in the Chair. 

The following candidates w^ere proposed for election as Fellows of the 
Society:— 

Bahri, Hakim Roy, B.Com.; Delhi, India. 

Barton, Sir William, J.P., Stockport. 

Burrell, W'illiarn Cimn, M.A., Glasgow. 
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Clinton, William Wills, London. 

Fairoy, C. R., F.R.Ao.S., Hayes, Middlesex. 

Horning, Harry I43-Van, Waukesha, Wisconsin, U.S.A. 
Minns, Miss Susan, Boston, U.S.A. 

Pountney, Harold W., I-iondon. 

Rothwell, Charles Frederick Seymour, Radlett, Herts. 


The Chairman, in introducing the reader of the paper, referred to an article he 
(the speaker) recently found in the transactions of the Jtoyal Society of Arts for 
1864 bearing on the subject to be discussed. It was interesting to know that 60 
years ago that great Society was paying attention to the matter in the midst of its 
manifold activities. He did not know whether the Society Imd since done much in 
the same direction ; if not they were coming to a re-birth, which was always a 
satisfactory thing. All engaged in the poultry interest would appreciate the 
Society’s invitation to Mr. Atkinson to read a paper. 

Artificial incubation had made marvellous progress during tlie last sixty years. 
He could not go back so far as that, but forty-nine years ago he had operated his 
first incubator. That was the old Jioyle incubator, which cost £>^ and held 24 
eggs. As one cast one’s mind back, one could recall a host of different classes of 
machines and of different theories in respect to artificial hatching, and also as regards 
rearing. In days gone by all the progress was made by practical men. The industry 
was not big enough for the scientific men ; they did not ])ay much attention to it. 
But now, instead of being a mere side-issue, the poultry industry was one of the 
great factors of human endeavour in almost every part of the world, and scientific 
men were beginning to look at it. The industry welcomed tliem, because they could 
make a contribution which was impossible to those who had been denied scientific 
’training. A few days previously he had had a short cliat with the lecturer, who had 
given expression to what, no doubt, all those present had often thouglit—that 
as in other matters of that kind—one could only judge the incubator by what it did, 
and not by what it looked like. If Mr. Atkinson could help them to avoid some of 
the pitfalls which with extended operations seemed to increase ratlier than diminish, 
he would have rendered a great service, and poultry men woukl welcc^me his 
co-operation. 

The paper read was:— 

THE SCIENTIFIC PRINCIPLES OF ARTIFICIAL INCUBATION. 

By Llewelyn B. Atkinson, M.I.E.E., 

Past-President of the Institution of Electrical Engineers. 

Introduction. 

The literature of artificial incubation is hardly worthy of the extensive 
industries which are based upon the art, and is spread through a great quantity 
of papers, reports and journal articles. Moreover the uncertainties sui rounding 
the operations of incubators and the theories and discussions among those work¬ 
ing incubators are often so empirical that it seems time some attempt were made 
to reduce the whole question from an art to a science. Science, the late Lord 
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Kelvin declared, is measurement, and as soon as we can reduce a subject to 
exact measurement and can thereby reproduce effects with certainty so soon 
can we claim to have rcxiuced it to a science. 

H iving for some 15 years practiced artificial incubation in connexion with 
the real ing of poultry as a hobby, and having suffered from all those uncertainties 
above referred to, and having over the last year or two made a gieat \ariety 
of measurements and observations on the performance of different types of 
incubators, I think it may be of interest to record these observations and 
measurements, and to connect them by the general theory of the questions 
in\ olved. The final object of such observations and measurements is to permit 
an incubator to be designed on paper and worked in practice which shall give 
a perfectly definite result as a hatching machine. The incubator which will 
do all the best hen can do, and do it regularly and with certainty, is, in my 
opinion, a perfectly realisable instrument. 

To those who have superficially examined the hatching of a hen’s egg, and the 
simplicity of the apparatus u.sed, it .seems difficult to believe that there is any 
reason why eggs should not be easily hatched apart from the hen. 

The eggs are put in a nest, a rough dish or receptacle made of almost anything, 
and kept warm for a certain time and the eggs hatchixi. Simplicity itself. 
Moreover for thousands of years the hen has, in certain countries of the East, 
been replaced by artificial jnethcxls of hatching as in the case of the Egyptian 
and Chinese hatching ov(‘ns, or the Malay method of hatching in fermenting 
vegetable matter or in barrels by the sun’s heat. So it is curious that among 
Western people the problem has only been solved* at all within recent years, 
and really only in a way at all final as late as 1882 when Hearson produced his 
incubator with capsule temperature regulator. 

Since then both in Europti and in America, particularly the latter, a great 
number of different makes of incubators of all kinds have been developed, and 
whilst nearly every one of these does at times produce good results, \ et to-day 
it is probably true that there is an all-round hatching efficiency not greatly 
exceeding 55% of fertile eggs, though there are plenty of hatches in well managed 
incubators with “ strongly fertilised ” eggs (whatever that may mean) up to 
85% and 90%. 

It is particularly this latter fact that led me to ask myself the question, why 
is it that at times results equal to that produced by a hen can be achieved, and 
yet with far more delicate arrangements than a hen provides in the way of 
container (nest), shelter, and the like, we cannot always with certainty equal 
her results. The problem thus stated at least seemed one to which an answer 
could be given. If it depends on personal attention and manipulation of 
individual eggs by the hen, then it may be beyond achievement as a practical 
result—^but this idea seemed negatived by the fact above quoted that 
undoubtedly artificial hatching is at times equal to the hatching by any hen. 

Of the studies I have made and the results obtained this paper is an epitome. 



yov. 28 , iffji. 


JOURNAL OR THE ROYAL SOCIETY OF ARTS. 


39 


Brief Historical Survey. 

For many centuries it has been the practice both in China and Egypt to 
hatch chicks in incubators. 

The methods of these two countries have features in common though they 
differ in details. 

Taking first the Chinese method, I am indebted to Professor King, 
of Wisconsin University, U.S.A., for an interesting description to be 
found in his fascinating work on Chinese agriculture entitled “ Fanners 
of 40 Centuries.” In this book is described his visit to a Chinese incubating 
establishment which was capable of dealing with 36,000 eggs at one time. I 
have to thank Mrs. King for permission to quote from this work. 

The incubator building is in the village street and contains 30 incubators 
each consisting of a large earthenware pot surrounded and heat- 
insulated by basket-work with an opening cut in one side underneath where a 
charcoal fire can be introduced. The eggs are placed to a number of about 
600 in a basket placed within another jar nearly of the same size, this being 
placed inside the first earthenware jar or container, the whole being warmed 
from below by the burning charcoal. At regular intervals the basket is 
removed and the mass of eggs turned over. At the tenth day the eggs are taken 
out of the basket and the surrounding jar and placed in trays on a shelf 
above the incubators and covered with blankets or cloths, relying on the 
general warmth of the atmosphere above the incubator together with the heat 
produced by the egg itself for maintaining the temperature. The temjx'rature 
is regulated entirely by skill in feeling the temp?ratuie of the eggs, being 
adjusted at the first stage by manipulating the charcoal fire, and at the 
second stage by putting on or off the blankets which lie above the trays. 

Professor King states that with this apparently crude method 95^0 to 98% 
of fertile eggs are hatched, infertile eggs varying from 5 to 25^/0. 

The Egyptian incubators also consist of extensive buildings. I am 
indebted to Capt. Cadman, who has recently returnc'd home from a post in 
the Egyptian Department of Agriculture, for many interesting details and 
experiments which he has made with these incubators. Some of these 
particulars were published b}^ Capt. Cadman at the Poultry Conference held 
at theHarper Adams College in August, 1923, and the slides shown are partly 
reproductions from the drawings which he then published, and partly slides 
which ho has kindly lent me. 

The process in these incubators briefly is as follov’s :— 

A building is divided into separate chambers or ovens. Each chamber will 
accommodate about 7,000 to 8,000 eggs and is divided into upper and lower 
parts. The lower part starting on the floor is where the eggs are first placed 
in heaps and above this, forming, as it were, the floor of the upper part, are trays 
which are filled with the fuel to be used consisting of a mixture of dry straw and 
camel dung which being lighted burns slowly and gives off a steady heat. This 
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partly heats the overhanging dome, which reflects heat to the floor, and partly 
radiates heat directly on to the eggs. For the first lo days the heaps of eggs 
are moved every six hours, being turned in so doing, and on the tenth day the fires 
are extinguished and the eggs spread out in layers partly on the floor where 
they have been and partly on the trays which, up to this time, have carried 
the fuel. From this time onwards they rely for heat upon that already stored 
in the brickwork and that produced in the vital process of the egg itself. 

Capt. Cadman states that by this method from 85% to 90% of the fertile 
eggs are hatched. Great importance is attached by incubator workers to 
constantly turning the eggs, which is done four times daily. 

Capt. Cadman has obtained by automatic recording thermometers and 
hygrometers, and by taking samples of the air of these incubators, complete 
information as to the temperature, moisture and carbonic acid, and these will 
be/eferred to later. 

At the last census in Egypt there were ( 28 of these incubating establish¬ 
ments, hatching between them about 42 million eggs annually. 

It is a long jump from these ancient methods to the modern incubator, and 
it would be hardly worth while sketching the eaily attempts that were made in 
Western Europe and America to produce a suitable machine. 

The first machine which really seems to have solved the problem of a workable 
invention was that made by Charles Hearson, in 1882, the fundamental element 
of which consisted in the provision of a very simple, but accurate, regulator, 
almost universally used to-day, and known as the Capsule Regulator, which 
will be referred to later, together with an appropriate arrangement of a hot 
tank heating the upper surface of the eggs and a supply of air (suitablj^ moistened 
by passing over a moist cloth) rising up through the eggs from below. 

Many different makes of incubators have since appeared with minor improve- 
tnents and additions, but tliis fundamental type remains as one of the principal 
types used, and for simplicity may be called the " Tank Machine.*' 

The tank itself may be filled and heated by hot water or by hot air, or it may 
be replaced by a plate or grid of wires heated by electric current. The principle 
remains the same. 

The action consists in heating the upper surface of the eggs by radiation from 
the tank, and the surface of the eggs thus heated warms the air lying between 
the tank and the eggs. It is not the case, as is often supposed, that the air is 
heated by the tank and that the air warms the eggs. 

The next type of modern incubator is that known as the “Hot Air Machine." 

In this type there is a chamber above the eggs, the bottom of which is formed 
•of flannel or canvas, which will permit the passage of air to the eggs placed 
below on a tray, and through them to the outlets. Hot air is supplied to the 
top chamber from a heated vertical chiinney outside the incubator, and flows 
downwards through the diaphragm, through the eggs, and out at the bottom 
of the egg chamber. In this case the eggs are heated by direct supply to them 
of hot ait. 
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A type which is very like the second one described is that in which the air 
in the incubator, being heated by pipes or otherwise, is circulated round and 
through the eggs by fans, and in which the same air is circulated over and over 
again, with a comparatively small admission of fresh air, and a comparatively 
small escape of consumed air. With great variety in detail, practically all 
existing types of incubators fall within these three categories; tlie differences 
in their action will appear later. 

Before considering further in detail the action of tlie.se types, it is necessary 
to consider questions of physical science, which are involved in the operations 
of incubators. 

Ideas among makers of incubators on some of these questions are vague, and 
by some they are ignored. They will be considert‘d under the following 
headings:— 

1. Heat production. 

2. Heat transfer. 

3. Air and gas movement. 

4. Humidity and evaporation. 


Heat and Heat Production. 


In all heat problems there are two questions involved, one is the temperature or 
degree of intensity of the heat, measured by a thermometer, tlic other is the 
quantity of heat, which is a quantity* of energy, and may be the energy of the 
sun, or produced by the combustion of coal or oil, or from water power by 
production of electric currents and their utilisation, or in other ways, and is 
measured by the quantity of a substance which will have its temperature 
raised a definite amount by the quantity of heat. 

If a pound of water, or of iron, or of air at any given temperature were 
placed in an enclosed space at a higher temperature than itself, it would soon 
reach the same temperature as the enclosed space, but the quantity of heat 
necessary to change the temperature one degree would be different. 

We take as our unit, as is usual in this country, the quantity of heat which 
would be required to raise the temperature of a pound of water one degree on 
the Fahrenheit saile, and calling this one British thermal unit, we may compare 
this quantity with that required to raise the temperature of one pound of othei 
substances by one degree Fahrenheit, as given in the following table. 


Table of Specific Heats or Heats Required to Raise 
Substance, 

Water 

Alcohol 

Ether ••• ■«. ••• 

Cl lass ... •«. ••• 

Bnck ... ••• ••• ••• ••• 

Iron (wrought) . 


ilb. of a Substance 
Specific Heat, 

1.000 
.622 

•477 

.198 

.185 

.114 
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Copper. .095 

Wood (mean). .565 

Air (constant pressure) . .238 

Carbonic Acid.216 

Water Vapour .475 


Heat Production. 

For our purpose in connexion with incubators there are practically only 
two methods of heat production that need be considered. 

First is the method of combustion of fuel, and all that need be noted here 
is that different substances being burnt in air evolve different quantities of 
heat, and require different quantities of air, as is shown in the following table :— 

Table of Heat Produced by Combustion of ilb. of Substance, and Minimum 

Quantity of Air Required. 

Comhtistihle. Heat Produced. Cubic feet of air 

British Thermal units required at 62° P. 

(BTU). theoretical. 

Coal (bituminous) mean value ... 14,112 147 

Coke . 8,000 135 

Paraffin Oil . 19,800 186 

Alcohol . 12,340 120 

Coal Gas. 21,400 180 

At least twice this quantity of air will be required to effect complete combustion. 

In every case the product of the burning is carbonic acid gas from the 
carbon of the fuel, and of water vapour from the hydrogen of the fuel. 

The heated gases thus produced arc considered unsuitable for introduction 
directly into contact with the eggs in incubators of modem type, tliough it has to 
be noted that in the Chinese and Egyptian incubators the products of combustion 
of the fuel are produced in the chamber where the eggs are placed, but in this 
case, of course, there is a substantial admission of air to moderate the fuel 
temperature, and to dilute these products of combustion. In modem incubators, 
however, the direct heat of hot gases produced by combustion is used to 
heat water in a water tank machine, or introduced into the hot air 
tank of a hot air tank machine, or used to heat a .separate supply of air to be 
passed through a hot air macliine. 

Secondly is the method of introducing heat into an incubator by means of 
electrically heated wires, the source of heat in this case being either the heat 
of fuel burnt at an Electric Generating Station, or the heat of the sun which has 
evaporate and lifted water, which again condensing and going down waterfalls 
has operated electric generators in hydraulic electric stations. 

One kilowatt hour, that is, one unit of electricity, is equivalent to or 
produces 3,430 British thermal units. 
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Heat Transfer. 

If wc place one end of a copper rod in a flame or fire, we shall very soon 
find that at some distance from the fire the rod becomes hot. If we do the 
same with a rod of wood, we shall find that one end in the heat is burnt up and 
destroyed, whilst the other end remains cool. In the first case the metal rod 
acts as a conductor and is a good conductor of heat, and the heat is said to 
be conducted) in the second case, although in fact the heat is also conducted 
along the wooden rod, the conduction is so slow that the heated end is not suffi¬ 
ciently cooled to prevent it being destroyed. It is a bad conductor. If we place 
a vessel of water on the fire, the heat enters the bottom and soon the w'hole of the 
water including the top is hot. It seems as if the; water had conducted the heat, and 
was a good conductor. But reverse the process. By means of a gas burner 
playing on the top of the vessel or even the water, apply heat to the top. It 
will heat up and give off steam, but the bottom of the water will remain cool. 
It seems as if water will conduct heat upwards and not downwards. But 
this is not the case. The explanatitm is easily seen if we add to the water a 
few grains of a line powder which will just sink and heat again from the bottom. 
The heated water will be seen to rist? from the bottom (\irrying the grains of 
powder with it, the water in fact on being heated expands, becomes lighter 
than the cold water in the vessel and so rises, whilst the cold water at the top 
sinks and in turn becomes heated. When the heat is applied at the top no 
such result can follow, as the heated water, though lighter, is already at the top 
and hence the heat is not tran.sfened. This process of heating a fluid (,r gas 
by movement of the lighter hot portions is termed convection, or carrying. 
Liquids in fact conduct heat very slightly, and it is by the movement of the 
particles that heat is distributed. Exactly the same process and explanations 
apply to gases, such as air. 

We see then that there are two processes of transferring heat, viz., by 
conduction and by convection. 

The first process will carry heat in any direction, the second only in a direction 
away from the earth's centre, that is, as we say, upwards, becau.se bodies 
expand or become ligliter on being heated. 

But there remains another method of heat transference. When we sit by 
a fire we feel the heat. It comes across the air; it is not conducted, because the 
air is not a conductor; it is not convectcnl because it comes horizontally, not 
vertically. We say it is radiated. A hot body transfers heat across a vacuum, 
across a gas, through solids, and liquids by a process due to a motion set up 
by the hot body in the universal medium we call the ether, which fills all space, 
whether occupied by material substances or not. Any number of bodies in a 
space radiate heat in every direction. The hotter a body the more it radiates, 
and hence between one body and another, the cooler one receives more than it 
radiates, the hotter one receives less than it radiates, till their temperatures 
arc equal. Thus is heat transferred by radiation. It involves no heating of the 
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intervening space, if that be a vacuum, and very little if the intervening space 
be filled with air, heat in all cases and by all methods being transferred from a 
body at higher temperature to one at lower temperature, or, as we say for 
short, from hot to cold. 

It will be desirable to consider rather more closely these three methods of 
heat transference, by conduction, by convection, and by radiation, as they all 
have applications in incubators. 

The differences between them arc fundamental, and must be clearly 
distinguished: confusion between them leads to much of the loose thinking 
about l;he action of incubators. 

The hen transfers heat to the eggs almost entirely b}^ conduclion, by bringing 
her body into contact with the eggs to be heated. In the hot air incubator 
the heating is done by a process of directed convection, that is by heating air 
and then guiding it to the cooler eggs to give up its heat to them. 

In the hot water or hot air tank incubator the heating is effected partly by 
radiation, that is, by putting a heated surface opposite to the eggs, the surface 
of which is then warmed by the heat radiated, and partly by convection, that 
is, by the eggs themselves warming the air which moves about and distributes 
the heat. 

In* all types of incubators the losses of heat take place by all three processes,, 
that is, by radiation from the warm incubator to cooler objects in the room, by 
conduction through the walls of the incubator, and by convection b}’ the dis¬ 
charge of warm air from the incubator in ventilation and otherwise. 

Transfer of Heat by Conduction. 

The importance of this question in incubators lies chiefly in its connexion 
with the loss of heat which occurs from the internal warm chamber to the 
external air. To get a clear conception of the processes involved, consider a 
piece of material in the form of a cube, say i inch cube, and that one face of 
this cube is maintained at a certain temperature by a source of heat, and the 
opposite face is maintained at a lower temperature. 

Suppose, for instance, that these two faces are in contact respectively with 
vessels containing a considerable quantity of water at two different temperatures. 
Assume that the remaining sides of the cube are in some way covered so that 
no heat can escape from them. Heat now passes from the warmer face to the 
cooler one, flowing as we say, along the material of which it is composed. 
Measurements can be made of the rate at which the hotter vessel loses its heat 
and the cooler vessel gains heal by the transfer of heat thus going on, and by 
trying the experiment with a variety of materials we may draw up a table show¬ 
ing for each material the number of units of heat which will be conducted 
along it in unit time, when the difference of temperature between the opposite 
faces is one degree. Experiment has established that the flow of heat 
is proportional to the difference in temperature between the two faces. 
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so that for any other number of degrees difference of temperature 
we only have to multiply the constant we have arrived at l:y the number of 
degrees difference of tepiperature which exist between the two faces. 

The Table shows the number of British thermal units which will be conducted 
per second along a length of one inch with a temperature difference of one degree, 
the faces of the cube which are in contact with the warmer and cooler surfaces 
being i sq. in. 

Table of Conducting Power of Materials. 

British thermal units 
conducted per hour with 


Substance. 

x°F difference of 
temperature. 

Resistivities (see below) 

Copper . 

3-57 

0.28 

Iron . 

... 1.62 

0.62 

Stone ... ••• 

... .116 

8.60 

Oak . 

... .0118 

85. 

Walnut (across the fibres) 

... .0058 

172. 

Fir . 

.0052 

193- 

India rubber . 

... .0095 

105.0 

Cork .* 

.0080 

125.0 

Cotton wool . 

.0023 

435-0 

Blotting paper . 

.0019 

520.0 


For purposes of calculation it is convenient to adopt another point of view, 
that is, that the heat would pass instantaneously were it not that each material 
offers a certain resistance to the passage of heat, and to tabulate this resistance 
or resistivity as it U called for each material. It will be noted that the higher 
the conductivity the lower the resistivity. This is purely an arithmetical 
artifice; the physical action is related to the conducting power or conductivity. 

The third column of the table sets out the resistivities of the substances 
enumerated above, the unit being the number of degrees Fahrenheit difference 
of temperature between the faces one inch apart which will be required to pass 
one unit of heat per hour across a surface of one square inch cross sectional 
area and one inch in thickness. 

It will be noted that the materials in these tables are metals, wood, and, 
furthermore, various insulating packings, which are, as is well known, bodies 
which in themselves conduct very little, tlie interstices filled with 4 ir, the 
movement of which is restricted. 

Speaking generally of the free space inside an incubator, the distribution 
of heat does not take place by conduction, but almost entirely by movements 
of air in convection currents, and it is only where the air is enclosed in the 
pores of some packing material that it acts in any appreciable extent as a 
conductor, and in this case the effect is so low that it ma}^ be treated as a non¬ 
conductor. compared with the material of which the packing is composed. 
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In the case of a space like the interior space of an incubator, the air inside has 
to warm the inner surface of the wall; tht wall outside has to heat the surround¬ 
ing air. Both these actions take place by movenient of air over the .surfaces, 
and involve a difference of temperature. The conditions are too complex to go 
into in detail, but within the limits of temperature occumng in an incubator 
the effect is of a tesislmiy at each surface expressible by the figure 
(approximated) of 245. 

It is noticeable that the resistivity at the two surfaces is a^' great as that of 
two inches of cork, and as great as one inch of cotton wool. 

If we take the ordinary case of an incubator having a wall 2 J inche.s thick, 
composed of Jin. of wood on the inside, Jin. of wood on the outside and ijin. 
of packing material in betw^een, having an average difference of temperature of 
40‘’F {seiy 100° inside and 6o°F outside) we should arrive at a flow of heat 
equal to 74 British thermal units per hour, and the mean extenial surface 
temperature of the incubator would be 6.5®F above that of the air, w'hich 
corresponds well with experiment. 

In this case approximately of the insulation is due to the wood, 29% to 
the cotton wool, and 64to the four surface transfers of the two layers of wood. 

There is also a certain loss by radiation, which will be mentioned later. 

Transfer of Hk.\t uy Convection. 

The principles involvt'd in the transfer of heat by convection are the following: 

Air and all gases expand by heat 1/491 of their volume for ever^^ i°F. change 
of temperature. Imagine a cu. ft. of dry air, say approximately that contained 
in a large biscuit tin, to be placed on one pan of a scale at a temperature of 
6o®F. This will weigh 536.3 grains. Suppose, on the other pan of the scale 
a similar container with i cu. ft. of air at 7o"’F. is placed—this weighs 526.2 
grains. There is therefore a difference of approximately 10 grains. It is 
clear that the heavier container will sink and the lighter container will lise. 

Bear in mind this is all taking place in the atmosphere, which we may .suppose 
to be at the temperature of 60°F., the temperature of one of the containers. 
Now remove the balance and remove the containers, the same result wall ensue, 
that is to say, that the heavier air will remain stationary, the surrounding air 
being of the same weight, whilst the lighter air will rise through and into the 
surrounding air, with which it will mix and part with its heat until it and the 
surrounding air are at the same temperature, when the movement will cease. 
If we have two tubes placed vertically containing air at these temperatures 
and a pipe connecting them at the bottom, each being open to the atmosphere 
at the top, the air in the tube which is heavier will sink dov n, drawing in air 
from the atmosphere, and press up the air in the tube which is Jighter, displacing 
it into the atmosphere until in each tube the sum of the air weights is the same, 
when the movement will cease and each tube when the temperature has become 
steady will be full of air at the same temperature; In the same way, in any 
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enclosed space, if there are differences of temperature between various laycis, 
there will in general be movements set up, except in the one case where the 
hottest air is at the top and the coolest air at the bottom, in which case, there 
is no tendency to move, because the condition of stability where the heavier air 
is at the lowest point has already been reached. 

In the enclosed spaces in an incubator the walls are usually cooler than the 
centre, because that is where the loss of heat takes place; consequently air 
inside the space tends to fall at the outside and to ri.se in the centre, the result 
being to circulate the air so that all points in turn arc against the outside wall 
and all cooled. This result will be modified by the heating or ventilating air 
currents, that is, whether the air is entering from the bottom or air entering 
from the top for the purpose of heating or changing the air, and this point will 
be considered more fully when dealing with ventilation. 

In tanks .containing water the pipes conveying the heated gas from the 
combustible must be placed at the lower part of the tank, so that currents of 
convection may be set up, and the heat thus distributed throughout the water. 

Transfer of Heat by Radiation. 

If we fill a vessel with warm water and hang it in the air we .shall find it 
gradually becomes cool. This, as might be expected, happens partly because the 
vessel heats the air in immediate contact, the movements already referred to 
set up and there is a constant supply of cool air to the outside of the vessel, the 
warmer air moving away and in this way the heat is removed. But we should 
find that even if we hung the vessel of hot water in a vacuum, where no such 
movement gf air could result, it would still lose its heat; 1 he heat pa.sses away 
even across the vacuum. We speak of this process as radiation. Measurements 
have been made of the rate at which different surfaces radiate heat, and it is 
found that this radiation depends entirely on two factors - one is the temperature 
of the surface and the other the nature of the surface from which the radiation 
takes place. The maximum radiation takes place from a black or unpo]i.shed 
surface. The minimum radiation takes place from white or highly polished 
surfaces. The radiation also depends upon the temperature of the surrounding 
objects to which it is radiating heat, because the actual mechanism by which 
radiation takes place and the temperature is affected, is that at all temperatures 
all bodies are sending out radiation, but they are also receiving radiation from 
.surrounding objects, part of which is absorbed and part of which is reflected. 
The absorption and the radiation of a given surface are equal; if they were 
not, we should have substances which ab.sorb more heat than they radiate, 
\vith the result that they would be continually getting hotter and hotter, a fact 
which, experience has shown, does not happen. The following table sets out 
the amounts of heat which would be radiated per hour from each square inch of 
the surface of a vessel filled with hot water when the surface from which the 
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radiation takes place is that shown in the table, and w’hen the surface is one 
degree Fahrenheit higher-in temperature than the surrounding surfaces:— 
Table of absolute radiating power of Surfaces. 

Surface. Radiation B 7 U per hour per sq. in. 


Silver polished .- 

.000185 

Tin (bright) . 

.000304 

Sheet Iron . 

.000640 

Chalk. 

.004740 

Sheet Iron (Rusty) . 

.004760 

Wood. 

.005100 

Paper . 

.005350 

Lamp black . 

.005650 


The practical importance of this question lies in this: if we desire to radiate 
heat from a hot vessel, such as the under side ot an incubator tank, 
the side or part from which we wish radiation to place should be either 
a dull dark coloured surface or be coated with a dead black paint 
or varnish: it we desire to conserve heat the sutface should be a highly 
polished metallic surface, or covered with a white colour with glossy 
surface. These facts are made use of in the heat retaining vessels known as 
the Thermos Flasks, where ther e are two glared surfaces, silvered and therefore 
representing a highly polished metal surface, with a vacuum between them so 
that the losses of heat are by radiation only and those by the reflected surfaces 
are i educed to a minimum. 

It may be added that if we have one surface radiating on to another through 
dry air or any ordinary dry ^ as there is practically no heating of the intervening 
air due to the radiation, and although moist air absorbs a certain amount of 
radiation, the amount so absorbed in the case of small enclosed space like an 
incubator is so small as to be negligible, and the heating of the air inside a 
space heated by radiation depends, as has already been stated, on the heating 
of some object in the space (such as a layer of eggs) by the radiation and the 
subsequent heating of the air by siKh surface in such a way that convective aii 
currents are set up. 

It is to be observed that the actual amount radiated is not large. In a tank 
machine the tank will be, say at I40®F, the egg surface at say 104®F, or 36° 
difference. If the tank has a dull black surface the total radiation from the 
tank per hour being, say, in 100 egg incubator, about 22 inches square, will be 
22 X 22 X .00565 X 36 = 98 B T U per hour, or about i B T U per egg 

per hour. 

The question always arises in connexion with the production and utilisation 
of heat, how much is produced, how much is utilised. In the case of a hot air 
incubator loo-egg size, a |in. burner with flame Jim high burned i oz. of oil 
per hour. An estimate of the various ways in which this heat is disposed of are 
given below. 
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The disp^jsal of the heat prodiiad by the lamp—Hot Air Incubator. 

Total heat produced (B T U per hour). 1,200 

Loss in waste gases from the dr.mncy discharged 

at 3 Io°F . 500 

Loss of hot air at opcm damfrer. 300 

Loss from exterior of heater . 100 

Loss from waUs, etc., by radiation and con ec- 

tion . 300 

Loss in air discharged from machine . Very small. 

It will be observed that a large margin for improvement exists, seeing that f 
of the heat is lost before any of it enters the incubator, and the only luat neexied 
by the eggs is about 100 R T U per hour, included in the 300 loss from walls, 
etc., above stated.- 

The Meaninc, oe the REAUiNr.s or a 'rnEKMOMKTi*r. 

The loregoing explanations shew that heat may be transferred in three 
ways, and this has a bearing on the meaning to be attached to the reading of a 
thermomete . In a hot air insulator the reading shews the temperature of the 
air in which the bulb is placed. In a tank incubator it shews a temperature 
which is higher than that of the iiir as may be seen by placing a screen between 
it and the tank. In other words, in this case the upper surface of the eggs wiD 
be warmer than the surrounding air. 

Ventilation or Mass Movement oe (Lxses. 

The movement of air or gases under the influence of heat setting up convective 
currents such as have been described forms a general subject of the science of 
ventilation, the principles of which are comparatively simple. To clarify our 
ideas considfer two vertical tubes or chimneys filled with air at two different 
temperatures; we have already seen that the air in these tubes is of different 
weight, the air in one tube for eveiy degree Fah. of difference is lighter by 
1/490—i/46oth part than that in the other tube. So far as the relative pressure 
of the base of each column, this does not depend on the sectional area of the 
column, but only on its height, and wc may imagine a column of unit size, 
tliat is, say, of one sq. in. in section. In any pair of such heated columns at 
different temperatures, there will, at the base of columns, be a difference in 
pressure, and we may, if we like, express this difference of temperature by stating 
the number of feet in hei^.ht of a column of air at the mean temperature, which 
would give the same pressure as the actual difference of pressure existing. For 
example, if there are two columns diffciing in temperature by and each of the 
columns is 460 ft. high, the difference of pressure at the bottem i.s ecjual to the 
pressure which would be created at the bottom of a single column one ft. in 
height. In other words, we express the difference of pressure as height or head 
in feet of the gas under consideration, and to measure the flow which would 
occur due to that head we have to consider what is the effect of that head in 
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producing a velocity on air coming out from a hole under that pressure. It is 
shown in books on the subject that the velocity at which the air or gas will 
flow out of a hole under a pressure of ift. head is 8ft. per second, and this 
velocity is proportional, not to the head, but to the sq. root of the head, so we 
are able, in all cases, to calculate the velocity with which air will move through 
any opening if we know the head which is moving it, and knowing this velocity 
and the cross sectional area of the hole, w'e are able to tell the r. umber of cubic 
inches which will flow per second. Certain allowances have to be made where 
the holes are small, or where the passage of air takes ])lace through a pipe of some 
length to allow for the friction at the edges of the hole or on the surface of the 
pipe, but these allowances are not usually very largo, and to a first order oi 
correctness ihe process above described holds good. 

In the case of the tank incubator the case is simple. The inside of the egg 
chamber is ventilated by an opening at the bottom and b}' holes generally 
slightly above the egg level. The average temperature in this space is about 
S5°F, and the outside air Co°F. The distance vertically between inlet and outlet 
is about qin. In such case the velocity \vith which the air will move from the 
outlet if the inlet is freely open is 1.56 feet pier second. This velocity multiplied 
by the area of the openings givc‘S the total discharge. In the case of small 
round holes, such as are used in an incubator, the discharge is about .65 times 
that due to the full opening. As an example a standard incubator for 100 eggs 
has 8 discharge liolc^s Jin. diameter. The discharge will be 8 x .128 (reduced 
area) x 18,7 (velocity in inches) - 19.4 cub. inches pii* second or i,i(x) cu. in. 
per minute. If the inlet is constr'eted, if for example it had an equivalent 
area equal to the sum of the outlets, half the available head or motive force 
would be exerted at the inlet and half at the outlet, and as the velocity is as 
the square root of the head, the effect would be to diminish the flo\v in the ratio 
of I: \/ 2 , and the flow in the case given would be calculated as 815 cub. inches 
per minute. If the air has to pass over or through cloths as used on air 
moisteners, the velocity will be again diminishcKl. In a case measured by me 
it was .7 of the above figure. 

Ill the case of an incubator of the hot air type, the conditions are not quite 
.so simple. In this case there are two columns of air to consider, and they may 
be imagined to be side by side. There is a column of hot air inside the heater 
chimney which is at a temperature of, say, 60® Fah. at the bottom and 167® F. 
at the top, a mean of 113J®. There is a column of air inside the incubator 
which is at 130° in the top chamber and 85® at the bottom, an average of 107J®. 
As long as the damper on the top of the heater chimney is closed, and bearing 
in mind that the final flow is downwards in the incubator, we have the following 
to consider:— 

The air pressure at the base of the heater chimney and of the outlet of the 
incubator are the same, and they are at the same level. The air in the incubator 
is cooler than the air in the heater chimney by about 6®F , and the two columns 
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which have to be considered are these two columns, and from this we might 
arrive at the head actuating the flow, and might consider the effect of this head 
upon.the flow from the openings at the bottom of the incubator. But this is 
not the condition of affairs if the heater damper is open at the top. Suppose 
it is fully open, we now have to consider the column of air outside the heater and 
the column inside the heater, the difference in weight between these two 
columns will set up a downw'ard flow outside the heater and upward flow inside 
it. In the same way, as far as the incubator itself is concerned, the downward 
pressure outside the bottom oj enings will be greater than the downward 
pressure on the inside in the incubator, and the air will, Iherefore, pass into the 
incubator at the bottom, and reversing tl.c normal direction will flow up through 
the incubator, and join the air coming out of the opening under the dampei 
from the heater chimney itself. So far as the air inside the incubator is 
concerned, therefore, the direction in which it moves will be downwards if 
the damper is closed, upwards if the damper is wide open, and it may be anything 
between these two. This, in fact, is the method by which the movement 
of the damper regulates the flow of air, and, therefore, of heat. 

We consequent!}^ see that the ventilation in such a type of incubator does not 
depend alone on the size of the openings, or on the difference of temperature 
between the heater chimney and the incubator, but it also depends on the 
position of the damper. The position of this damper is of course regulated 
by the expansion capsule or thermostat, and will always be such that the 
supply of hot air to the incubator will carry in an amount of heat necessary to 
make good the loss which is occurring through the walls of the incubator. The 
amount of heat carried in will be proportional to the temperature of the incom¬ 
ing air. It follows, therefore, that the action of the thermostat and the position 
of the damper will depend on the actual temperature of the air in the heater, 
so that in this type of incubator the amount of air passing does not depend 
on the size of the openings or ventilation outlets or the extent to which the}’ 
are open, hut depends only on the rate at which heat is lost from the walls of the 
incubator and on the temperature in the heater chimney. In other words, the flow 
of air depends on the height of the lamp flame, and the degree to which the 
ventilating openings are regulated makes no difference to the flow of air, because 
the chimney damper always takes charge of this question in the manner which 
has been described above. 

Diffusion of and Molecular Movement of Gas and Liquids. 

If we have two vessels containing different gSLser, for example, air and 
carbonic acid, and connect these two vessels together by a tube or opening, then, 
whether we place the heavier gas at the top or the bottom, we shall find in 
course of time that the gases have mixed and that the average composition 
in each of the vessels is the same. If we consider two large vessels connected 
together by a fairly long tube we may examine a little more closely what 
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happens. Wc will exclude the question of air currents set up by difference of 
temperature, and merely trace what happens in the interchange of the particles 
of gas in the one vessel with the particles of gas in the other. At the first- 
instant one of the gases, say carbonic acid, is at the strength of full purity in 
one vessel, and at a strength of nothing in the other vessel. We shall shortly 
find if we are taking samples of the gas along the tube, that at every intermediate 
point along the tube the quantity of carbonic acid gas in a unit of volume would 
be in proportion between the full strength and nothing, simply depending on 
the distance we move along the tube, and the same would hold good of the air 
which is in the opposite vessel. In general, therefore, when two gases come 
into contact they move into one another and commingle by this process of 
diffusion, in which there is no general movement of the gases as a whole, but 
in which the individual molecules move relatively into one another. 

The ratio at which different gases diffuse into one another has been measured. 
The rate depends on what is called the concentration gradient, that is to say, 
in the case of the tube I have illustrated, the difference in the quantity of the 
gas in each cubic inch of air at one end of the tube and the other divided by the 
length of the tube. 

At a given temperature and pressure then the rate of diffusion depends on the 
change of strength per unit length, and the quantity diffused depends on this 
rate, and on the area of the tube along which the diffusion is taking place. 

The table here following shows the weight in grains per hour that will diffuse 
along a tube one inch in sectional area, when the change of concentration per 
inch is one grain per cubic inch, the pressure being atmosphere. I only give 
the gases that concern us in an incubator. 

Rales of diffusion into air. 

Grains per hour. 

Carbonic acid diffusing into air ... ... 78 

Water vapour ,, ,, . 137 

It is usual in incubator work to consider water vapour in terms of grains 
per cubic foot and carbonic acid in terms of parts by volume in 10,000 of air. 

If we do this then 

Grains diffusing per hour. 

Carb ;nic acid (gradient being one part in 10.000 

per inch) into air . -0035 

Water Vapour (gradient one grain per cu. ft. per 

inch) into air . . .0782 

By the process of diffusion it is possible for instance to remove the water 
vapour and the carbonic acid from the eggs in an incubator without any 
general passage of air through Jhe eggs in the way expressed by ventilation, but 
there is a difference. If we have a space full of air and containing, for example, 

5 grains of water vapour and 5 grains of carbonic acid in a cu. ft., then 
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if by ventilation we pass a cu. ft. of air into the space, and a cu. ft. out of the 
space, we shall have removed 5 grains of each of these gases. If we put 
a space containing these qu ntities of water vapour and carbonic acid 
in contact with the surrounding air, which we will assume contains 
no water vapour or carbonic acid, we shall find the carbonic acid and the 
■water vapour pass out into the surrounding air in unequal quantities, that is 
when the water vapour has become zero there will still be 2 grains of carbonic 
acid per cubic foot, and for them to pass out at the same rate into dr^^ air the 
concentration of carbonic acid expressed in weight must be 1.67 times as great as 
the concentration of the water vapour. 

Evaporation and Vapour Pressures. 

Substances are broadly divided into solids, liquids and gases, and as between 
these the matter is very largely one of temperature. All substances become 
gaseous if hot enough. Most substances become liquid at an intermediate 
stage, and many substances, even at temperatures round about ordinary 
temperatures, are on the border line of passing from liquid to gaseous. The 
so-called permanent gases, such as air, composed of oxygen and nitrogen, are 
liquid at atmospheric pressures if the temperature is sufficiently low. 

Oxygen is liquid at—301 °F, nitrogen at—3i6°F. 

Carbonic acid gas is more easily liquified, and a temperature of i26'’F. 
renders this gas liquid. A liquid such as water is entirely turned into a gas 
at ordinaty atmospheric pressure at a temperature of 2i2®F, but even at lower 
temperatures a liquid such as water gives off some gas which we speak of as 
vapour : in others words, it evaporates, and if contained in a closed space, will 
always give off a definite amount of vapour until for each temperature there 
is a definite amount of vapour in each cu. ft. of the space with which the liquid 
is in contact, which amount is constant for that temperature. This quantity 
is the maximum amount which that .space will hold, and is said to saturate it. 

It is important to realise that the amount of water evaporated in a given space 
does not depend on whether any air in other gases is present, or what 
those gases may be (alw'ays provided tliere is no chemical action with such 
other gases), but the presence of other gases makes a difference to the rate 
at which the space will be filled with water vapour. For example, if water is 
exposed in a vacuum at any particular temperature, the space will be filled 
almost instantly with the amount of water which such a space can contain at 
that temperature. If the space contains aii at the same temperature it will 
finally contain the same amount of water vapour, but the rate of evaporation 
will be less. The actual rate at which the evaporation takes place to fill the 
space will furthermore depend upon whether the air is absolutely still or whether 
there are movements of the air, for reasons which will be apparent 6 n noting 
the phenomena dealt with under the heading of " Diffusion.'' 

The rate at which water evapoiates in the presence of other gases 
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depends on the difference between the amount of vapour which is already 
present in the space, and the amount which would be present if the space were 
saturated ; it also depends upon the actual temperature of the water, but for 
small differences such as occur in incubators, that is round about ioo°F, the 
rate of evaporation may be taken as represented by the formula. 

G-5.85 V(i-p) 

G being grains of water evaporated per hour from i sq. in. of surface of 
water ; 

V ^eing the vapour pressure (inches of mercury column) of the water vapour 
at the temperature ; 

p the relative humidity or ratio of the vapour present to the vapour at 
saturation. 

At ioo°F. this formula gives the result shown here. 

Table—Evaporation from surface of water in still air. 



Percentage Grains 

of water evaporated per 

Temp. 

humidity. 

sq. in. per hour. 

ioo°F. 

100% 

0 

tt 

80% 

2.32 

»» 

60% 

4.64 


40% 

6.95 

** 

20% 

9.28 

ft 

0% 

II.6 

In view of the great effect on the rate of evaporation at any temperature of 
the percentage humidity at that temperature it is important to connect the 
percentage humidity at that temperature with the percentage humidity at 

any other temperature. 



The table following shows the number of grains of water vapour required to 

saturate a cubic foot of 

space at different temperatures, and the ratio which 

this bears to the amount required at ioo°F. 


Table shewing grains of water lequired to saturate a cubic foot of 

space at different temperatures. 


Ratio 

at each temp, to that at 

Temp. °F. 

Grains per cu. ft. 

ioo°F. 

100 

.19.8 

I 

90 

14.8 

•75 

80 

II.0 

.56 

70 

8.0 

.41 

60 

5.8 

•39 

50 

4-1 

.21 

40 

2.9 

•15 

30 

2.0 

.10 


That is to say, if we take, air at any percentage humidity at one of the tempera 
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tures on the first column and multiply by the figure in thu last column, we obtain 
the percentage humidity at ioo®F. 

.For example, at Greenwich the mean percentage humidity in Jamiar^^ is 
89%, in June 74%. But the mean temperature in January is 36®!^ and in 
June 58®F. 

So on raising the outside air to in an incubator, we arrive at the result 

that the percentage humidity in the incubator in January is it.2% and in 
June 28%, and the evaporation in January times as much as in June, quite 
contrary to the usual belief based upon the fact that at its (>wn temperature 
June is a drier month than January. 

Moreover, if the air in the incubator wTre desired to be passed in at 50*)^ 
humidity at ioo°F in January, it would be necessary to add 7.8 grains per cu. ft. 
of air passed into the incubator, and in June 5.9 grains per cu. ft. 

If we know the quantity of air to be passed through the incubator and the 
temperature of the point where wc place the water vessel, we can estimate 
the number (if square inches of surface required to give the additional moisture. 

If the incoming air is 400 cub. in. jx*r min. or 14 cub. ft. per hour, to be 
brought from 2o‘\) humidity to 50% humidity at 100°F, the quantity to be 
evaporated is q.g—3.9 ~ 6 grains per cub. foot, a total of 84 grains per hour. 
The mean humidity at which this is to be evaporated will be 35%, at which 
about 6^ grains per square inch will evaporate, so the surface to be exposed, 
if the air is fn^ely moving over it, will be 13 square inches. If the vessels arc 
put against the side w’alls of the incubator, the temperature will probably 
only be 90° and the area will have to be increased to about 18 square inches. 

[The concluding portion of the paper and the discussion will be printed in 
the next number of the Journal.] 


OBITUARY, 

Gkorok Watt Curistison. —Mr. O. W. ChrLstison, formerly of Darjeeling, 
died on November lylh in hi.s eighty-eighth year. He was an old and respected 
Fellow of the Royal Society of Arts, having been elected some thirty years ago. 
At one time he constantly attended the meetings of the Indian Section and in 
1896 he read a paper on “ Tea Planting in Darjeeling,” the chair being occupied 
by the late Sir RichaJ'd Temple, two other ex-Lieutenant-Cxovcrnors of Jiengal, 
SirSteuart Colvin Bayley and Sir Charles X. Elliott, also taking part in the discussion. 
For his interesting and most instructive contribution—^Sir Richard Temple described 
it “ as about as good a paper as could possibly be given on this important subject ”— 
he was awarded the Society’s silver medal. 

Though he was a pioneer in tea planting, his methods have contributed in no 
small measure to the continued prosperity of the Darjeeling tea gardens. One 
far-reaching boon he rendered to the whole tea industry was the introdjuction in 
1878 of sulphur as a cure for red spider, one of the chief pests of the tea bush. The 
evil effects of deforestation in the Darjeeling hills caused him deep concern, and no 
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man did more to-stir up the Government in the matter, but tlie admitted evil still 
remains to a large extent without sufficient remedy. 

After leaving India he settled in London, where his knowledge and experience 
were much sought after as a Director of^Tea Companies 


NOTES ON BOOKS. 

Historic Wall-Papers. —By Nancy McClelland. London: J . B. Lippincott 
Company. los. 

In this very handsome volume Miss McClelland traces the history of the wall¬ 
paper industty from its beginning, about 1500, to the introduction of machine- 
printing, about 18^0. The real development of the wall-paper idea is largely due^ 
to a group of men in I'rance, known as the Dominotiers. The industry from which 
these craftsmen took their name was tlie making of “ domino papers,” which 
consisted for the most part of marblcised papers and of others with little figures and 
grotesques, crudely printed from wood-blocks and coloured by hand. Rouen was 
one of the cliief centres of this industry, which was also carried on in some other 
French provincial towns. The papers were bought by the peasants to decorate 
their fireplaces, and they were also ii.sed as endpapers for binding books. Some 
of the designs were extremely tasteful and satisfactory. Miss McClelland gives an 
interesting account of the processes of this manufacture, and some attractive 
reproductions* of early specimens of domino papers—notably one printed in 1700 
by Dufourcroy of Paris. 

Another illustration of great interest represents what is possibly the earliest 
known example of paper with a stamped design employed for decorative purpose in 
England. This was discovered in 1911 during the process of restoring the Master's 
Lodge of Christ’s College, Cambridge. It was found covering a beam, and has been 
almost definitely proved to have been made by Hugo Goes, who was printing in 
York in 1509. 

The first patent for making wall-papers in England was dated 1692. For many 
years the industry in this country .suffered from heavy taxation and restrictions 
which were imposed by the Governments of the day. French manufacturers 
were not so handicapped, and they were able to use ” endless paper ” while English 
manufacturers were still compelled to work with short pieces. Between 1779 
and 1824 the importation of paper-hangings into this country* was entirely pro¬ 
hibited. The result was a striking lesson in political economy. As soon as tlie 
restriction was repealed production in England was greatly stimulated —so much 
so that the duty paid by paper-stainers rose from ;£34,246 in 1820 in 1834. 

It is not passible with the space at our disposal to follow the author through the 
various periods into which she has divided the history of wall-papers. Suffice 
it to say she has spared no pains in collecting her materials nor taste in selecting her 
examples for illustrations. Of these there are twelve colour-plates and over two 
hundred half-tones. Amongst these it is interesting to note what a large number 
are specimens that had found their way over to houses in America as far back as 
the early eighteenth century. 

All who are interested in the history of wall-papers will be grateful to Miss 
McClelland for hex biographical conspectus of wall-paper designers, manufacturers 
and dealers, wliich contains over two hundred and eighty neimes. There is also a 
useful bibliography. 
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MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Walnesday evenings, at 8 o'clock, unless otherwise announced ;— 

December 3.— Professor C. A. Carus-Wilson, M.A., F.R.A.S., ''The 
Teaching of Science in Secondary Schools." Sir Robi-rt Abbott Hadfield, 
Bt., D.Sc., F.R.S., will preside. 

December 10. (5.0 p.m.).— Norman Thomson, " Colombia as a Field for 
Development." Thomas J. Tve, Vice-President of the Anglo-Colombian 
Chamber of Commerce, will preside. 

Thursday, December ii. —Seiiatore Gugliclmo Marconi, G.C.V.O.,LL.D., 
D.Sc., Chairman's Inaugural Address, ''Radio Communications." 


Indian Section. 

Friday afternoon at 4.30 o'clock :— 

December 5.— Likut.-Colonel K. McCarkison, C.I.E., M.D., LL.D., 
D.Sc., F.R.C.P., Indian Medical Service, " Problems of Food, with Special 
Reference to India." Professor Henry E. Armstrong, Ph.D., LL.D., 
D.Sc., F.R.S., will preside. 


Papers to be Read after Christmas. 

Sir Ernest Rutherford, M.A., D.Sc., F.R.S., Trueman Wood Lecture. 

Sir J. Fortescue Flannery, Bt., Past-President of the Institute of Marine 
Engineers, " The Diesel Engine in Navigation." Lord Bearsted will preside. 

Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., " The Power of Internal Com¬ 
bustion Engines for Motor Cars." 

Major-General Sir William Sefton Brancker, K.C.B., Director of Civil 
Aviation, Air Ministry , " Commercial Aviation." 

Henry G. Dowling, " Wall-papers." 

Claude H. Friese-Greene, “ Colour Cinematography." 

J. S. Owens, M.D., A.M.I.C.E., F'.G.S., Superintendent Advisory Committee 
on Atmospheric Pollution, Air Ministry, Meteorological Office, " Modern 
Atmospheric Conditions." 

Sir Samuel Instone, " The Thames Passenger Services." 

Cedric Chivers, " Bookbinding." 

Professor W. E. S. Turner, O.B.E.*, D.Sc., F.Inst.P., Department of 
Glass Technology, University of Sheffield, " The Modern Production of Sheet- 
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C. R. Peers, C.B.E., F.S.A., Chief Inspector of Ancient Monuments and 
Historic Buildings. Subject to be announced later. 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.), B.Sc., 
D.P.H., F.R.C.P.E., '' The Trend of Modem Hygiene.” 

Mrs. Graydon-Stannus, ” Irish Glass, Old and New.” 

Charles A. Baker, Engineering Department, London County Coimcil, 
” The Electrical Equipment of the London County Hall.” 

Emile Cammaerts, ” The Restoration of Public Buildings in Belgium.” 

Lieut.-Colonel Sir David Prain, I.M.S., C.M.G., C.I.E., M.A., LL.D., 
F.RjS.E., F.R.S., Sir George Birdwood Memorial Lecture, ” Government 
Botanical Gardens.” 

J. T. Marten, M.A., I.C.S., ” The Indian Census.” 

Sir Henry Sharp, C.S.I., C.I.E., M.A., "The Development of Indian 
Universities.” 

Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
" Indian Meteorology.” 

Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., " The 
Heart of Asia and the Roof of the World.” 

Sir Alfred Chatierton, C.I.E., Assoc.M.Inst.C.E. Subject to be 
announced later. 

Lord Stevenson, G.C.M.G., " The British Empire Exhibition, 1924.” 

Hon. William G. A. Ormsby-Gore, M.P. Subject to be announced later. 

Lord Blyth, " Penny Postage and Postal Communications Generally.” 


Cantor Lectures. 

Monday evenings, at 8 o’clock. 

Louis C. Martin, D.I.C., A.R.C.S., D.Sc., Lecturer in the Department of 
Optical Engineering and Applied Optics, Imperial College of Science and 
Technology, South Kensington, " Modem Colour Problems.” Three Lectures. 
November 24, December i and 8. 

Lf-cturk 11 . — The psycho-physical basis of colour measurement. Specifica¬ 
tion of colour in terms of three variables. Colour systems and charts. Definite 
problems in colour measurement and their importance in Commerce. 

Lecture 111 .—Colours of material objects. Some colorimeters and their 
possible accuracy. limited range colorimeters and nephelometers. General 
lines of progress. Probable limitations of these methods. 

V. E. Pullen, Director, Radiological Research Department, Woolwich, 
" Radiological Research —X History.” Three Lectures. January 19, 26, 
February 2. 

Lecture L—Natural - Philosophy. The Fascination of speculative 
philosophy.. The border line between science and philosophy. Early natural 
philosophy. Development of theory. Discovery of X-rays. Controversy 
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as to their nature. Modern theory concerning X-rays. Relation to modern 
atomic theory. 

Lecture II.—Early apparatus. Early X-ray generators. Early vacuum 
tubes. X-ray tubes. Development of electrical generators. Development 
of X-ray tubes. The X-ray spectrometer. Measuring apparatus. Lines 
of modem radiological research. 

Lecture III.—Early applications of X-rays. Development of medical 
uses. Modem applications. Physiological dangers. Necessity for pro¬ 
tection. 

Walter Rosenhain, B.A., B.C.E., D.Sc., F.R.S., Superintendent of the 
Department of Metallurgy and Metallurgical Chemistry at the National 
Physical Laboratory. “The Inner Structure of Alloys.” Three Lectures. 
February i6, 23, March 2. 


Howard Lectures. 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels.” Three Lectures. 
April 20, 27, May 4. 


Dr. Mann Juvenile Lectures. 

Wednesday afternoons, at 3 o'clock. 

Lieut.-Colonel E. H. Richardson. Two Lectures. 

Lecture I.—January 7.—“ Dogs in War.’’ 

Lecture II.—January 14.—" Dogs in Peace." 

(Special tickets are required for the Dr. Mann Juvenile Lectures.) 


MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 


Monday, Dece.mufr i .. Geographical Society, Central llall, Westminster, S.VV., 8.30 p.m. Exhibition and description 
of M. .Albert Kahn’s collection of Photographs in Natural Colours. 

Chemical Industry, Society of, at the ('heiniral Society, Burlington House, Piccadilly, W., 8 p.m. Joint 
meeting with the Oil and Colour Chciuists AssiK’ialion. I>iscnssinn on “ Protective Paint C oatings.” 
University of London. University College, (iower Street, W.C., s.30 p.m. Prof. W. S. lloldsworth, 
“ The Influence of the Ueg.il Paifession on the Growth of thi; English Constitution.” 

At King’s College, Strand, W.C., 5.30 p.in. Dr. R. W. Seton-Watstai, " Aiistri.vllungary, 1867- 
njiM.” (Lecture IX). 

At the Royal Ac.ademy of Music, Marylebone Road, N.W., 10 a.in. Dr. I.eonanl K. hill, “ Sunshine, 
Open .Air and Ifealth.” (f.ecturc I). 

Health, People’s Longue, of, at the Medical Society, 11, Chandos Street, W., 6 p.m. Dr. W. Potts, 
Crime and Delinquency.” 

Engineers, Society of, at the Geological Society, Burlington House, Piccadilly, W., 5.30 p.m. Mr. H. A 
Rickwood, ** RiHient Developments in Ferro-Coiicrcto Cooling Towers.” 


Tuicsday, December 2. .Petroleum Technologists, Institution of, at the Royal Society of Arts, John Street, Adelphi, 
W.C., 5.30 p.m. 

1. Messrs. A. W. Nash and H. G. Shatwcll, “ Fue-l Oil Reserves of the Future.” 

2. Messrs. H. G. Shatwell, A. W. Nash and J. I. Graham, The Somerset Oil Shales.” 

Civil Engineers, Institution of. Great George Street, S.W., 6 p.m. 

Metals, Institute of (Birmingham Ltn-al Section), Chamber of Commerce, New Street, Birmingham, 
7 p.m. Mr. W. E. Ballard, ” Metal Spraying.” 

(North-East Coast Local Section). Armstrong College, Newcastle-on-Tyne, 7.30 Mr. C. B. 
Brook, ” Alnminium, its Production ami uses.” 

L'liiversity of Umdon, King’s College, Strand, W.C. Sir Bernanl Pares, “ Contemporary Russia from 
i86ii” (Lecture IX). 
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S.30 P A. Miss Hilda D. Oakeley, *' The Philosophy of the Absolute in English Thought.'*(Leoture 

A the Royal Academy of Music, Marylebone Road, N.W., xo a.m. Dr. Leonard E. Hill, ** Sunddne^ 
Open Air and Health." (Lecture 11 ). 

WsDNisDAY, Decbkbkr 3. .PubUc Analysts, Society of, at the Chemical Society, Buriington House, Piccadilly, W., 

8 p.m. 

X. Mr. G. Van B. Gilmour, " The Analytical Value of the Melting Point of the InsoluUe Volatile 
Add8 from Fats." 

2. Mr. A. H. Ware," The Use of Mitchell*s Ferrous Tartrate Reagent in QuaBflltivo Analysis." 

3. Mr. S. Glasstone, " The Influtsice of Hydrogoi Ion Concentration cm the Colorimetric 
Estimation of Pyrogallol and Catechol Derivatives." 

4. Blr. B. S. Evans, " The Futility of Sealing: A Suggestion for its Safeguarding." 

Geological Society, Biu-lington House, Piccadilly, W., 5.30 pjn. 

United Service institution, Whitehall, S.W., 3 p.m. Major-General Sir George BfacMunn, ** The 
QuartemLaster-General's Department and the Administrative Services in India from the Mutiny to 
the Present Time." 

Sanitary Eiigmeers, Instilution of, Caxton Hall, Westminster, S.W., 7.30 p.m. Mr. II. A. Roechling, 

} " House Drainage, ^ith special reference to the Intercepting Trap." 

Electrical Engineers, Institution of, Savoy Place, Victoria Embankment, W.C., 6 p.m^ (Wireless Section), 
Mr. G. Shearing, " Wireless Telegraph Valve Transmitters employing Rectified Alternating 
Currents." 1 

(South Midland Section), at the University, Edmimd Street, Birmingham, 7 p.m. Mr. G. Rogers, 

" Automatic and Semi-Automatic Mercury-Vapour Rectifier Substations." 

Chadwick Public Lecture, at the Medical Society, 11, Chandos Street, W., 5.15 p.m. Dr. W. M. Feldman, 

" Post Natal Child Physiology and Hygiene." 

University of London, University College, Gower Street, W.C., 5.30 pjn. Mr. I. Bjorhagen," Sweden, 
its Land and Peorlc." 

At the School of Oriental Studies, Finsbury Square, E.C., 5 pjn. Mr. S. Topalian," Armenia in 
the Fourth Century." 

At the Royal Academy of Music, Marylebone Road, N.W., xo a.m. Mr. F. Roscoe," The Musician 
as Teacher." 

8 p.m. Sir Johnston Forbes-Robertson," An Actor’s View of Shakespeare.’^ 

Public Health, Royal Institute of, 37, Russell Square, W.C., 4 p.m. Dr. C. K. Millard," The Disposal 
of the Dead."’ 


Thursday, December 4. .Engineering Inspection, Institution of, at the Royal Society of Arts, John Street, Adelphi, 
W.C., 5.30 p.m. Mr. J. E. Scars," Accurate Gauge Work." 

Metals, Institute of (Sheffield I.f)cal Section), at the University, St. George's Square, Sheffield, 7.30 pan. 

Joint meeting with the Silver Trades Society. Discussion on " Electro-Plating.'* 

Electrical Engineers, Institution of, Savoy Place, Victoria Embankment, W.C., 6 p.m. Prof. J. G. 
Gray and Mr. J. Gray, " Gyroscopic Pendulums." 

British Acetylene and Welding Association, Old Colony Club, Aldwych House, Aldwych, W.C., 8 pjn. 
Mr. H. J. Gough. " Fatigue of Metals." 

Mechanical Engineers, Instilution of (Glasgow Centre), Royal Technical College, Glasgow, 7.30 pjn. 

Report of the Marine Oil-Engine Tri.ils Committee. 

Liunean Societ}^ Burlington House, Piccadilly, W., 5 p.m. 

1. Dr. G. C. Drucc, Exhibition of Epipogum aphyllum and other British plants. 

2. Miss V. Nay, " Tlie adult and juvexule forms of Sophora rctraphera vars. microphylla and 
prastraia," 

3. Miss V. M. Grubb," The development and liberation of spermatia in some previously undescribed 


4. Prof. E. G. GcKKlrich,The Cranial Roofing Bones in Dipnoi Fishes." 

Chemical Society, Burlington House, Piccadilly, W., 8 p.m. 

Messrs. H. Burgess and T. M. Lovrry (a) New halogen derivatives of camphor. Part VI. /SI'Bromo 
camphor-a-sulimonic acid. 

(6) New halogen derivatives of camphor. Part VII. The constitution of the Reychler series of 
camphorsulphonic acids. Experiments on (^lorosulpboxides. 

Philological Society, University Codege, Gower Street, W.C., 5.30 pjn. 

Child Study Society, Buckingham Palace Road, S.W., 6 pjn. Miss Octavia Lewin, ** Some Thysical 
Causes of Mental Deficiency." 

Aeronautical Society, 7, Albemarle Street, W., 5.30 pjn. Colonel F. Searle, ** The Maintenance of 
Commercial Aircraft." 

Royal Society, Burlington House, Piccadillv, W.. 4.30 p.m. 

Antiquaries, Society of, Burlington House, l^ccadilly, W., 8.30 p.m. 

London County Council, at the GeSrve Museum, Kingsland Road, £., 7.30 p.n 
" English Ironwork." 

University of London, King’s College, Strand, W.C., 5.15 pjn. Prof. J. W. Allen," The Social and 
Political Ideas of Some Great Thinkers of the Renaissance and Keformation." (Lecture VII). 
Martin Luther. 

5.30 pjn. Mr. M. Beza, " Pagan Remnants in Roumanian Folklore," (Lecture I). 

5.30 pjn. Prince D. S. Mirskv." The Russian Novel from Turgenex’ to Chekhov." (Lecture IX). 
At the Bedford College for Women, Regent’s Park, N.W., 5.X5 pjn. Dr. J. F. Spencer, '* The 
Historical Devdopmenr of the Conception of the Atom." 

At the Royal Academy of Music, Marylebone Road, N.W., 10 ajn. Ptof. T. P. Nunn, " Psy¬ 
chology and Mental Growth." (Lecture 1 ). 


^m. Mr. J. Starkie Gardner, 


FridaY,M> iCBMBBR 5. .Mechanical Engineen. Institution of, Storey's Gate, Westminster, S.W., 6 pjn.. 

I. Prof. F. C. I.ea, *^The Effect of Low and High Temperatnret on Materials." 
s. T. M. Lesse]ls,"The Elastic Limit in Tension and Its Influence on the Breakdown by Fatigue* • 

University of London, King's College, Strang W.C., 5.30 p.m. Dr. E. S. RussellSdentiilc Methm." * 
At the Royal Acadaroy of Music, MaryUbone Rond, N.W., xo aju. Prof. T. P. Nunn,"ftycholocy 
and Mental Growth." (Lecture II). 


Saturday, DtosiinR 6.. University of Ixindon, at the Royal Academy of Mu-lc, Marylebone Road, N.W., 10 a jn. 
Lecture by the Principal. 
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NOTICES. 


NEXT WEEK. 

Monday, December 8th, at 8 p.m. (Cantor Lecture.) Louis C. Martin, 
A.R.C.S., D.Sc., Lecturer in the Department of Optical Engineering 
and Applied Optics, Imperial College of Science and Technology, South 
Kensington, Modern Colour Problems." (Lecture III.) 

Wednesday, December loth, at 5 p.m. (Ordinary Meeting.) Norman 
Thomson, " Colombia as a Field for Development." Mr. Thomas J. Ive, 
Vice-President Anglo-Colombian Chamber of Commerce, will preside. Tea 
and Coffee will be served in the Library at 4.30 p.m. 

Thursday, December nth, at 8 p.m. (Ordinary Meeting.) Senatore 
Guglielmo Marconi, G.C.V.O., LL.D., D.Sc., Chairman's Inaugural Address, 
" Radio Communications." Tea and coffee will be served in the Library 
after the meeting. 


THIRD ORDINARY MEETING. 

Wednesday, November 26th, 1924. Mr. Alan A. Campbell Swinton, 
F.R.S., late Chairman of the Council, in the Chair :— 

The following candidates were proposed for election as Fellows of the 
Society:— 

Caifoor, N. D. H. Abdul, Colombo, Ceylon. 

Hodgson, Edgar Stanley, Wliiteficld, Lancs. 

Hopkins, Miss M. H., London. 

Kielberg, Ferdinand K., Liverpool. 

Sporborg, H. N., Rugby. 

. Wolton, John David, Mem.Am.Soc.M.E., London. 

The candidates proposed on November 12th, a list of whom was published 
in the Journal of November 21st (pages 3-4) were duly elected Fellows of 
the Society. 
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A paper on “ Talking Motion Pictures " (with practical demonstrations) 
was read by Mr. C. F. Elwell, B.A. 

The paper and discussion will be published in the Journal of December 12th. 


CANTOR LECTURE. 

On Monday, November 24th, Mr. Noel Heaton in the Chair; Dr. Louis 
C. Martin, A.R.C.S., D.Sc., Lecturer in the Department of Optical 
Engineering and Applied Optics, Imperial College of Science and Technology, 
Sout^ Kensington, delivered the first lecture of his course on " Modern Colour 
Problems.** 

The lectures will be published in the Journal during the Christmas recess. 


DR. MANN JUVENILE LECTURES. 

Under the Dr. Mann Trust a short course of lectures adapted to a juvenile 
audience will be delivered on Wednesday afternoons, 7th and 14th January, 
1925, at 3 p.m., by Lieut.-Colonel E. H. Richardson, on "Dogs in War" 
and " Dogs in Peace.** The lectures will be fully illustrated with lantern 
slides, and by the dogs themselves. 

Special tickets are required for this set of lectures. A sufficient 
number to fill the room will be issued to Fellows in the order in which applica¬ 
tions are received, and the issue will then be discontinued. Subject to these 
conditions, each Fellow is entitled to tickets admitting two children and 
one adult. Fellows who desire tickets are requested to apply to the Secretary 
at once. 


PROCEEDINGS OF THE SOCIETY. 

SECOND ORDINARY MEETING. 

Wednesday, November iqth, 1924. 

Mr. Edward Brown, F.L.S., President of the International Association 
of Poultry Instructors and Investigators, in the Chair. 

THE SCIENTIFIC PRINCIPLES OF ARTIFICIAL INCUBATION. 
By Llewelyn B. Atkinson, M.I.E.E., 

Past-President of the Institution of Electrical Engineers. 
(Concluded from page 55). 

Automatic Regulation. 

The early incubators, like the incubation methods of the Chinese and 
Egyptians, depended on the operator*s constant watchfulness and skill in 
maintaining the temperature and other conditions. 



P90. 5, im. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 63 


An important feature of incubators which are not to be continually watched 
and personally regulated is a method of insuring constant temperatures, 
and this is done by Automatic Heat Regulators or Thermostats. 

These automatic regulators have to be arranged so that they will control 
the flow of the hot gases used for heating hot water or hot air, or control 
the supply of hot air to the incubator, or in the case of gas-heated incubators, 
control the flow of gas to the burner, or in the case of electric incubators 
control the amount of electric current heating the wires. 

The movements producing these controlling actions are given by effects 
produced by the expansion of solids, such as metals, or of liquids, such as 
mercury, or by the •. ariation of vapour-pressure of fluids in an enclosed space, 
as in the case of Hearson*s Capsule Regulator. 

The method of obtaining the movement required by the expansion of metals 
is to utilise compound bars built up of two metals, to that when heated these ex¬ 
pand at different rates and cause one or both of the metal bars to bend and give 
the movement required. Thus a bar of iron which at 55°F. is 10 inches long, at 
ioo°F. will become 10.0030 inches in length, and a zinc bar will have become 
10.0078 inches in length. If these two are so airanged and fixed that the iron 
bar remains straight whilst the zinc bar bends at the centre, the centre will 
move from theiron bar to a distance of .0048 inch. If we multiply this movement 
by 100 to I, which can easily be done by levers, the damper will rise by .48 inch, 
in approximate figures J inch. Two such bars joined up so as to add their 
effect would give double the movement, or say i inch. This is equivalent to a 
movement of the damper of 1/50 inch, approximately for a change of tempera¬ 
ture of i°F. This is a small quantity, and a bar would need to be about twice 
this length to be effective. This type of regulator, however, in skilful hands 
gives very good results. 

In the Capsule Regulator, which has already been referred to as taking so 
fundamental a part in the construction of the successful Hearson incubator, a 
thin metal container having its upper and lower surface corrugated, has placed 
in it a few drops of a fluid which evaporate, or in other words, give a consider¬ 
able vapour-pressure at or about the temperature at which the incubator has 
to be regulated. 

The capsule regulator is not well understood. The vapour pressures of 
certain fluids are shown by the curves on the diagram. 

These are expressed in inches of mercury of the barometer column. Fc r all 
pressures below 30 inches the pressure of the atmosphere will keep the upper 
and lower surfaces of the capsule in contact. At 30"^ mercury column pressure 
the capsule surfaces will separate, at first very easily and then more slowly, as 
the movement requires the bending of the curves of the corrugations, like a 
spring. It is necessary, therefore, to have a fluid which gives a pressure equal 
to 3oin. or greater than mercury column at the selected pressure. Fof maximum 
sensitiveness the change in vapour pressure fqr one degree of change of tempera- 



JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Deo. 6, 2Pf4. 



ture should be as great as possible, that is the curve should be steep, and 
finally the load on the capsule, including that of the atmosphere, should be such 
as to hold it at the point where the surfaces have only just separated at the 
specified temperature. In other words, taking the two adjustment elements 
in the arrangements ordinarily used, the position of the regulator should be 
such that the damper will just be on the point of lifting when the capsule is 
closed, and the temperature at which it moves then adjusted by loading. The 
weights on many capsules, placed as they are in the incubators, are insufficient 
for this, and consequently the capsule is worked partly open, and the resistance 
to stretching of the capsule surfaces relied upon to assist the weight, but under 
this condition the movement for a given change of pressure is less. To 
illustrate this, consider a frictionless piston in a cylinder, with a dead-weight 
load on it; the moment the pressure under the piston exceeded that of the 
atmosphere it would move the whole length of the cylinder. If there were a 
spring on the top, instead of a dead-weight, it would only move sufficiently to 
cause the spring to again balance the internal pressure. 

The loading is partly the weight of the atmosphere and partly the weight on 
the lever. The atmospheric pressure varies with the barometer and a range of 
1 Jin. mercury is common. With an ether-filled capsule working at 103® this 
would correspond to a vapour pressure change equivalent to 2®F. With ether 
as the fluid at 103® a total loading equivalent to 35in. of mercury is required, 
and with capsules of 2.8 square inches area the added loading must be equivalent 
to about 5 lb. weight per square inch, or half this applied at the centre. This 
would be given a weight of 4 J oz. (a usual weight to use) with a lever ratio of 
9 to 1. The lever ratio is often about 20 to i as a maximum. The capsules 
in inan^ incubators are placed at a point where the temperature is as high as 
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110®, and this corresiX)nds with ether to a pressure of 4oin. mercury, and the 
added weight would be sJlb. at the centre, and this would require the 4jin. 
weight at 19J lever ratio. Owing to lack of radial stiffness capsule regulators 
will bulge without lifting the weight if it exceeds about lolb. 

A greater sensitiveness, if required, would be obtained by using a fluid with a 
considerably greater vapour pressure at 103®, which is accompanied by a sharper 
rise of vapour pressure, and to meet this by a greater loading in the capsule. 
Speaking generally, however, properly adjusted present capsules are quite 
sufficiently sensitive. 

Biological Factors la Incubation. 

In all living organisms the starting point is the single cell, a discrete unit of 
nitrogenous substance, comprising already the potentiality under certain 
circumstances of growth, of self building by adaptation of materials from its 
environment, and finally acquiring the power of transmitting part of these 
powers to other cells of the like kind. The how and the wherefore is the riddle 
which sciences will presently reply to, but here it suffices to point out, that in 
the highest organism the fertilisation and the building up from the single cell 
is completed within the body of the parent, in the birds, fishes and reptiles, 
and insects, is partly so carried out,-but completed externally to the parent, 
whilst in the lowest forms of life the process commencing with the fission or 
division of a cell from the parent body proceeds wholly without assistance from 
the parent. 

The highest forms of life, the mammal, the reptile, fish, and insect, require 
ordinarily the co-operation of two classes of cells, respectively termed male and 
female, to effect " fertilisation,'' or to bring about those atomic or molecular 
disturbances of the cell material which causes the reactions of which life and 
growth are the effect, whilst in the lowest forms the fissioned or divided cell 
appears already to have these properties, and intermediate are a class of life 
form, whose partially developed structure or eggs may be endowed with the 
growth impetus either by sex fertilisation or by purely chemical stimulus. 

So far as concerns us here, the bird requires the duality of sex, the male or 
cock the female or hen. 

When in the case of the hen the single cell or germ cell is fertilised, processes 
of growth build this into theembryq^vhich already hasdeveloped the germ cells, 
which within the life of the bird to be may become the eggs which she produces,, 
determined in number, not to be added to, only to be developed; so that alt 
that human arrangements can do is to lengthen or shorten the period during 
which these germ cells will be developed and matured into eggs. 

The procass of development of the fertilised egg has already begim before 
the egg is laid, and whilst this is not the place to study closely the whole history 
of the embiyo within the egg, a general examination of the procebes which 
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go on in the 20 or 21 days in which an egg is under incubation may be indicated 
as follows:— 

The first 5 days are occupied in the development of the various organs 
coupling the embryo with the yolk, and with the allantois forming the food 
supply and respiratory organs, with which to nourish the embryo and to aerate 
the blood until hatching time. During this time, as may be expected, the 
actual life process, considered as a process of oxulation of the food stuff of 
the yolk, is at low p>oint, because in fact, the necessary organs are only being 
developed. 

Tho second 5 days are occupied in the formation of all the elements of the 
skeleton or bony structure, and the various internal organs and the rudimentary 
feathers; and the living process, again as measured by oxidation, is in a more 
active state. 

The third and fourth stages, say of 5 days each, run into one another, but 
the most remarkable change takes place between the loth and 13th day, when 
the living process measured again by oxidation, increases at an enormous 
rate and is, by the 13th day, on an entirely different scale from what it was at the 
early part of the operation. 

The production of carbonic acid by the embryo, indicating the activity of 
the living process, seems to be so important a measure of the actions going 
on that I have devoted much attention to this question, and have made measure¬ 
ments of the production at different stages of the incubation cf the egg. Much 
more refined and detailed measurements have, however, been made by Mr. 
Horace Atwood at the West Virginia Experimental Station, U.S.A. More 
than a year ago he very kindly gave me his results, which have since been 
published. 


Grains 



Fig. 2.—Grains 0/ Carbonic Acid produced at each day of Incubation from Horace 

Atwood’s experiments. 
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The curve shown here gives day by day the grains weight of carbonic acid 
produced by an egg of normal weight. It will be seen that the production 
increases very slowly up to the tenth day, and then rapidly increases till the 
igjth day, and at the 21st day is on a scale such that it is equal to that produced 
on the Whole of the first fourteen days. 

Whence does this carbonic acid come ? It comes from the oxidation of the 
carbon of the contents of the egg, principally the yolk. 

In the yolk albuminoids form 16% and fatty substance 31.4%. 

The albuminoids contain approximately 53% carbon and 7% hydrogen. 

The fats contain approximately 74% carbon and 12% hydrogen. 

It appears rea.sonable to infer that the fat only is used to support 
the vital actions, the albumins being utilised for growth and to repair waste. 
On this assumption we may calculate that the carbon consumed is 27^% of the 
weight of carbonic acid produced, and that the hydrogen consumed is 11% 
of the weight of the carbonic acid, with an amount of internal oxygen which 
is negligible. 

The following table shows at specific dates (i) The carbonic acid produced. 
(2) The carbon consumed. (3) The hydrogen consumed. (4) The total of 
carbon and hydrogen. (5) The oxygen to be supplied from outside to carry on 
the oxidation, being about one fifth of the air necessary. (6) The approximate 
t jtal loss of weight in normal incubation. (7) The balance, which is water 
evaporated from the substance of the egg. All weightsaie grains in 24 hours. 

TABLE. Water 


Day of 

Carbonic 

Carbon 

Hydrogen 

Total 

Oxygen 

Normal evaporated 

Incuba< 

add 

con¬ 

con¬ 

con¬ 

required 

loss of 

from 

tion. 

produced 

sumed. 

sumed. 

sumed. 


weight. 

substance 
of egg. 


(I) 

(2) 

( 3 ) 

(4) 

( 5 ) 

( 6 ) 

( 7 ) 

2 

•131 

.036 

.0057 

.042 

.142 

3 

2.95 

5 

.48 


.0205 

.152 

.513 

3 

2.85 

10 

1.94 

•53 

.083 

.613 

2.06 

4 gr. 

338 

15 

8.85 

2.42 

•376 

2.80 

9.5 

4 gr. 

2.20 

20 

15-5 

4-23 

. 66 

4.89 

16.7 

5-5 

.61 


How does the oxygen required reach the egg ? How does the carbonic acid 
escape ? How does the water come out ? Writers treat this question as if the 
shell and membranes were porous. 

The shell is porous, but the membrane, in the ordinary senseis not porous, as 
will be evident if we remember that eggs which decompose and generate 
sulphuretted hydrogen will burst with an explosion if dropped and broken. 

The gases pass by a process known as atmolysis. It is a process which 
involves a chemical action of some kind so that the gas to be passed through 
enters into chemical combination at one side of the membrane, and passes out 
of combination at the other side. 
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Rodendorf has measured the quantity of air which will pass through the 
membrane of a hen's egg per hour as follows:— 

Difference o f Pressure on Quantity diffused in Quantity diffused in 
two sides of membrane in cubic centimetres per grains per hour. 


atmospheres (15 U). per 
sq. inch). 

hour. 


O.I 

9.07 

.18 

.2 

18.46 

*37 

•3 

35*57 

*71 

•4 

71.09 

X.42 

•5 

147*15 

2*94 

.6 

286.90 

5*72 

•7 

566.20 

11.32 

.8 

1127. 

22.54 

•9 

2358* 

47.16 


On these figures to pass the air necessary to support the combustion on the 
20th day, would require about .6 atmosphere difference of pressure. This, 
I think, does not exist. But it may be that after the first air has passed in, 
the oxygen being absorbed and the nitrogen left, this nitrogen, getting at 
a higher concentration than the outside nitrogen,diffuses out, and oxygen 
only diffuses inwards, in which case, four atmosphere difference of pressure would 
be necessary. I do not think this exists either; so we are forced to the con¬ 
clusion that difference of concentration of pxygen alone is the motive force 
for causing the diffusion of oxygen into the interior space. 

I have dwelt at considerable length on this carbonic acid problem because 
this is all-important; it is by means of carbonic acid that lime is taken from the 
shell and passed into the skeleton of the chick. It is important again in its 
bearing on the amount of ventilation necessary in incubators, and this has its 
connexion with the problem of evaporation. 

The combustion of the yolk necessarily produces heat. We have seen that 
in the Egyptian hatcheries after the tenth day no fuel is used; in some large 
American hatcheries cool air has to be circulated to keep the temperature down. 
How much heat is produced ? It may be calculated thus. The carbonic acid 
produced on the seventeenth day is 11.2 grains in 24 hours, produced by 3.1 
grains of carbon, which corresponds with 5.7 grains of fat. i grain of fat 
produces 2.4 British thermal imits, so the heat produced is 13.8 B.T.U. per 
day or .58 per hour. 

In an experiment made on an egg at seventeenth day, when I determined 
the rate of cooling of a live egg, with the rate of cooling of an infertile egg from 
the same temperature, I arrived at a figure of 1.2 B.T.U. per hour as the amount 
of heat produced by the egg. The amount needed to supply the heat losses under 
the conditions of ordinary incubators may be estimated in several ways. I 
bave found that the quantity of h^t which must be given to an egg at the 
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earlier stage of incubation, when its own production is practically nil, is the same 
as can be passed through a piece of rubber sheet .004 thick on an area of J a 
square inch with a difference of i°F between the top and bottom of the sheet, 
which works out at 1.18 B.T.U. per hour. Earlier it was calculated that 
the amount of heat radiated from the tank w^as about i.o B.T.U. per egg; and 
further 30 watts electric energy is used in a 100 egg incubator, giving 1.03 
B.T.U. per egg. These figures substantially agree. 

The rate of loss of water by evaporations from an egg may be conditioned or 
limited by one of two factors. The evaporation may be that due to a moist 
surface in an unsaturated atmosphere, the moisture being replaceable at a 
rate greater than the evaporation, or it may be limited by the amount which 
reaches the surface, the rate of supply being less than the possible evaporation. 
To make a comparison, consider an egg having a surface of about 6 square 
inches. The evaporation from a wetted surface at ioo®F. in an atmosphere say 
of 40% humidity would be, we have already seen, 6.95 grains per hour, or 41.7 
for the surface of the egg. Clearly it is not a case of a freely supplied surface. 

Experiment on an egg from which the contents had been blown out—the 
egg nearly filled with water and the hole sealed showed the following: At 
ioo®F in 45% humidity the evaporation was 7 grains per 24 hours. The same 
egg for many months at average tempc:rature of 6o®F , and humidity 65%, 
evaporated 1.6 gr. daily. The two cases show a ratio of 4.3 : i. If we calculate 
the evaporation from a free surface at these temperatures and humidities, we 
find the evaporation would be per sc^uare inch per hour respectively 6.15 and 
1.08 grains, a ratio of 5.7 ; i, so the ratio is of the same order as on a 
free evaporation surface, the amount, however, being about that of a surface 
y of the actual size. It is clear that the supply of water to the surface is 
the limiting factor. 

Measurements and Calculations on Existing Types of Incubators. 

It is only of recent years that any measurements have been made on the 
important factors connected with incubators with the one exception of tempera¬ 
ture, in connexion with which great care has been exercised ; but it is now 
recognised that the amount of ventilation which decides the concentration 
of carbonic acid, and the humidity are all-important factors. While there has 
been immense discussion on these; matteis and a great deal of theorising, 
ordinary incubator workers are quite in the dark as to what is required, or of 
methods of measuring or regulating them. 

For the last three or four years the author has been making measurements 
of these quantities and simplifying the method of measuring them, so that their 
control may become part of the normal operation of incubators. 

Measurement of Air Flow. 

The first element the measurement of which was undertaken was the 
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actual quantity of air passing through, various types of incubators, which 
may be conveniently expressed as a nuniber of cubic inches of air passing 
per egg per minute. It has to be borne in mind that the quantities are smaU, 
and that they cannot be measured by usual types of meters, because these 
require a moderate pressure of gas to work them, which is not available in this 
case. 

The first method by which the writer attempted to make these measurements 
was by filling a long tube or glass vessel with smoke, connecting this to the 
outlet of the incubator and noting the time which it took for the smoke-laden 
air to be replaced by pure air. Consistent results were obtained by this method, 
but it was very slow and rather disagreeable to work. This was replaced by a 
simple instrument comprising a box with a closed top, inside of which was 
suspended a light mica vane. When air passed through the box from the inlet 
on one side to an outlet on another side this vane was deflected by an amount 
which was related to the speed of the current of air. The instrument was 
graduated by passing measured quantities of air per minute through the 
instrument, and once it was graduated and being applied to the outlet of the 
incubator, the quantity of air passing per minute could be c.bserved by the 
movement of the needle of this simple instrument. The only question involved 
in applying this to different types of incubators was the putting of collectors of 
different forms to the different makes to ensure collecting the air passing from 
or through them without actually throttling or disturbing the flow. The table 
below shows in certain incubators of certain types the quantity of air passing 
per egg per minute when the incubator was carrying the rated quantity of eggs. 
The same apparatus was used to measure the air flowing through the nest of a 
hen, this nest being placed in a box totally enclosed above the level of the 
nest except for the outlet to the measuring instrument. 

The wide variation in the air passing through these various types cf 
incubators shows that it has no relation to the actual necessities of the case, in 
fact in the hot-air incubators it depends on the quantity of heat that has to be 
carried in, and not on the quantity of air required by the eggs. 

Table showing the quantities of air per minute per egg passing through various 

types of Incubators. 

Type. Cubic inches of air per minute 

per egg. 

(1) Hot water tank. 

Ventilator nearly shut i. 40 

Ventilator full open 5.00 

(2) Hot air type. 

Medium flame 

Ventilator open 5.5-9.3 

Ventilator closed ditto 
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Lamp turned high Ratio 

and damper open .133'' 3 

Lamp turned low, 
damper nearly down 

•033'' I 

(3) Hot air tank radiating on 

eggs; no through ventila¬ 
tion. Practically Nil. 

(4) Hen*s nest open bottom 7.0 

(5) Hen's nest on ground Estimated 1.2 

(6) Quantity necessary at end 

of hatch to keep CO^, to 

100 parts in 10,000 ... 2.39 

Measurement of Humidity. 

The measurement of the moisture or humidity of the air in the incubator 
has been attempted in various ways. The method of using what is known as 
the dry and wet bulb thermometer, evaporation from the surface of the wetted 
bulb cooling one thermometer so that a different reading is obtained between 
the two, from which the percentage of humidity of the air can be determined, 
is an attractive method, but unfortunately it is known that the results are 
unreliable unless there is a movement of air of about 9 ft. per second, which 
does not exist in incubators. 

Various methods involving the principle of measuring the temperature at 
which dew can be deposited were tried, and a very simple apparatus can be 
used along these lines without much trouble. 

A highly polished metal vessel is fitted with a cork through which passes two 
tubes, one of which passes to the bottom of the vessel and the other goes out at 
the top. Two small rubber tubes are brought out through any convenient 
hole, and the thermometer is passed through the same cork into the interior of the 
same vessel. If this vessel is now placed in the egg chamber it, and the ah 
inside it, will soon be at the temperature of the incubator. If air from outside 
the incubator be now drawn gradually in the vessel, either by sucking one of the 
tubes or by the use of a small rubber air ball, the air inside will be lowered in 
temperature, the metal vessel will be cooled, and a point will be reached when 
dew will be deposited on the vessel, and the temperature of this point being 
noted, the percentage humidity can be found by a table in a manner well-known. 

Whilst this method is a suitable one for making measurements, it is not a 
convenient one for regulating the condition, or for making measurements in 
confined spaces, actually between the eggs, etc. 

Another method which the writer has used is to actually measure the 
evaporation from the surface of blotting paper kept moistened, being supplied 
with water from a small graduated vessel on the top of whicji it rests. This 
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method gives consistent results, but again is not applicable except on the 
incubator tray for measuring the humidity of the atmosphere of the incubator, 
not between the eggs. 

A method of measuring the humidity which the writer has used, and which 
he finds has been used by Capt. Cadman, is based on the change of colour of 
paper which has been moistened with certain chemical salts; suitable salts are 
those of cobalt, chloride, bromide or iodide, or mixtures of them, which form 
different hydrates at different vapour-pressures, these hydrates being of different 
colours. By placing small pieces of such paper in various parts of incubators 
or among the eggs, or in hens' nests, and comparing the colour arising with 
colours Y^ich have been standardised at known humidities of degree, the 
humidity may be ascertained with veiy considerable accuracy. 

An instrument based on these principles, in which a piece of such chemically- 
treated paper is surrounded by a mask of the colour which the paper will assume 
at the correct humidity, has been devised by the writer, and is a perfectly 
simple and reliable method of enabling the correct humidity in an incubator 
to be measured, and so maintained under all conditions. 

The use of this instrument and these methods has shown that practically 
every type of incubator has the air, particularly in the spring months, too dry. 
Humidity readings of 20% and 30% are usual, and in this connexion attention 
should be called to the great absorption of moisture by the wood and packing 
used for the walls of incubators. These materials will absorb at saturation 
point 25% of their weight of water, and will absorb moisture from eggs many 
times the weight of the water Which needs to be disposed of. The application 
of water towards the end of a nitch is of doubtful utility,-but at least it prepares 
the incubator for the next hatch, and herein its usefulness probably lies. 

Measurement of Carbonic Acid. 

The measurement of carbonic acid in air is usually performed by the process 
of drawing the known volume of the air through alkaline salts and observing 
the amount which is absorbed. 

This method, though accurate, requires great care in performing it, and is 
quite beyond the scope of ordinary incubator workers. 

A method which the author had devised and used with consistent results 
consists of applying to a small piece of blotting paper which has been treated 
with a colour-indicator a definite quantity of a standardised alkaline solution. 
The paper will then be of a definite colour. It is introduced through a small 
hole into the part of the incubator where it is required to know the percentage 
of carbonic acid, and the time is noted in which the paper undergoes the colour 
change due to the neutralisation of the alkali by the carbonic acid. 

To obtain the definite quantity of alkali on the porous paper it is only 
necessary to apply the alkali to a small part or spot of the paper; it then spreads 
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by capillary attraction until the part that is wetted is wetted by a definite 
amount per unit of area. 

It is easy to arrange with an instrument of this kind that at the highest 
concentration of carbonic acid likely to be found in an incubator, the colour 
change takes place in about three minutes, and that at the normal concentra¬ 
tion the colour change takes place in about eight minutes. 

The table below shows some results obtained of percentage humidities and 
concentration of carbonic acid in standard types of incubators worked in 
accordance with instructions of the makers, in an atmosphere with external 
humidity 65% at 60®. 

Table. 

Type, etc. Humidity % Concentration of Carbonic 

at 103® Acid at end of hatch parts 
in 10,000. 

I. Hot water tank . 

Ventilation full open, with 



moisture tray in 

49% 

50 

2. 

Hot air tank practically no 




ventilation.. 




No moisture tray. 

45% 

200 

3 - 

Hot air machine . 




Moisture tray in. 

30% 

36 

4 - 

Mammoth incubator. 

20% 

average loo 


Speaking generally, whilst these results exhibit considerable variation, they 
show that so far as these particular incubators are concerned there is no 
/ serious departure from the proper conditions. Generally all types of incubators 
suffer from too much air, and too low a concentration at the earlier stages, with 
the result that the air is too dry. This cannot be avoided in hot air machines; 
all that can be done is to add moisture and keep the humidity up to about 50%. 

The result of making measurements by the simple means described, and of 
controlling moisture and carbonic acid to correspond with the conditions 
shown in a hen's nest, proved of great assistance in obtaining regular and 
consistent results with given types of incubators, but nevertheless, there still 
appears to be an advantage possessed by the hen over the incubator arising from 
some factor in operation in the incubator. 

Incubation under the Hen. 

It seems a reasonable proposition that if we imitate the natural process of 
incubation the best results will be obtained, and to do this the conditions should 
be studied. They have been studied by a good many experimenters of recent 
years, and there are separate studies of temperature, humidity, carbonic acid, 
spread through many bulletins, reports and papers existing. I have made a 
good many studies myself. One of the most perfect and complete of such 
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records is that given by Captain Cadman, before the Annual Poultry Conference 
held at Harper Adams Cottage, in August, 1923. By his permission I repro¬ 
duce the results of three curves given by him. 

One curve shows the temperature at the hen’s body and that underneath 
the egg, showing the temperature of the hen’s body steady at 104®, whilst the 
bottom temperature starting at 85® rises , slowly till at the tenth day it is 
100®, falling from the seventeenth day to the twenty-first down to 90°. 

The humidity, averaging 45% in the first 10 days, falls to about 25% towards 
the end. 

Jhe carbonic acid remaining about 10 parts in 10,000 up to the tenth day, rises 
by the fifteenth day to 65-70 parts, and on the nineteenth day to 200 parts, 
falling again at the end to 70 parts. 

The hatch was 100%. 

There is the whole story of what nature does. What is the effect of 
variation of carbonic acid ? 

The variation can, of course, only be produced in an incubator. But we 
may turn to the work of the Storrs Experiment Station, Connecticut. By 
varying the ventilation incubators were run, the carbonic acid rising acccording 
to the amount to be preduad, to certain maxima, wiiich varied from 30 parts 
in 10,000 to 500 parts in 10,000. 

It is shown that up to a maximum of 50 parts in 10,000 the percentage 
of fertile eggs which hatch is not affected; after that there is a deciease, 
which, however, is slight until 200 parts is reached, after which there is a rapid 
decrease. 

Carbonic acid has been looked upon too much as a poison; when we realise 
that the average composition of expired air is 350 parts in 10,000, and that 
up to 150 parts in 10,000 human beings are not distressed, we shall realise that 
a wide margin is allowable in this respect. 

What is the effect of variations in humidity ? The same experimental 
station tried this, and in a series of tests covering nearly 10,000 eggs, valuable 
results were obtained as follows:— 

From 15% to 20% humidity gave48% hatches; 20%—^30% gave 60.6. This 
rose till 50%—60% gave 69.3%, which again fell 70%—80%. 45.5%. 
The best humidity is 50% to 60% and 50% is the safest figure to aim at. It is 
higher than Cadman got in the hen’s nest, it is higher than I have obtained in 
hens’ nests, but the air movement in incubators is greater. The experiments 
also show the % loss of weight, which was 9.8% at the best humidity. I have 
already explained that this is not all due to evaporation of moisture, but 
largely due to loss of carbon. Two more factors are of imix)rtance to consider. 
The hen leaves her nest to feed; the eggs cool; and it has been the practice 
strongly advocated by many to cool eggs. The same experimenters tried 
1,800 eggs cooled in the usual way, and 1,800 not cooled. The results 
showed that for eveiy 100 eggs not cooled, which hatched, only 
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96 hatched when cooled. The reason advanced for cooling is that it allows 
fresh air to be drawn into the egg. Towards the end of the hatch .28 cub. in. 
of air per minute are required to carry on the life process. The amount which 
will pass into the air space in cooling from 100 to 90, which is about the range, 
is trifling and would suffice for a few minutes only. It can have 
no bearing on the question. It may be that cooling the shell of 
overdried eggs in certain cases leads to access of moisture to the membrane, 
and may even weaken the shell by causing minute cracks to form, but the 
experiments cited negative these suggestions. Moreover, the experience in the 
Chinese and Egyptian and modern Mammoth incubators is against the necessity. 

Turning of eggs is important. The hen is constantly moving them about. 
The Egyptians attach great importance to turning four times, and experi¬ 
ment has shown a gain up to five turns daily, though perhaps not sufficient to 
justify the labour. 

The Missing Factor in Artificial Incubation. 

The measurement and control of moistu«e and concentration of carbonic 
acid then arrived at gave much improved and more consistent results, but 
still the machine lagged behind the hen. This is universally recognised. 
Breeders who want the highest results always use hens both for high 
percentage hatchings and for vigorous chicks. Consider the following 
experimental results by Oregon experimental stations:— 

(1) Hatched by hen, mortality at 4 weeks: with hen brooding2.2%,with 
artificial brooding 10.8%. 

(2) Hatched by incubator, mortality at 4 weeks : hen brooded 49.2%, 
artificial brooding 33.5^0* There is some fundamental difference. 

The comparison and measurement in incubators and under the hen disclose 
one or two important facts. Speaking generally, the average temperature of 
eggs in an incubator is much more regular than in a hen's nest, particularly 
if there are a large number of eggs under the hen, but a greater difference was 
found to arise from the fact that whereas in modem incubators the whole of the 
egg is nearly at the same temperature, the t emperature of the top is only 
slightly different from the temperature of the bottom. A difference was found 
in the hen's nest between the temperature of the hen's body in contact with 
the egg and the temperature of the lower surface of the egg of anything between 
14®F and 20®F. 

Table. 

Top and Bottom Temperature in Incubation. 



Difference hetueen top and 

Type. 

bottom of egg. 

I. Mammoth with air circulation 

... nil. 

2. Hot air incubator . 

• •• ^ * 

3. Hot air tank 

4" 
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5. Hot water tank ... .. 5 ** 

6. Hot water tank with earth floor to nest 

7. Hen’s nest . 14®—20® 

This suggested the question whether this difference had any biological 
importance, and at once recalled the studies of Dr. Leonard Hill, F.R.S., on the 
subject of temperature differences in connexion with human and animal 
comfort and wellbeing. Dr. Hill has shown conclusively that health and 
wellbeing depend not only on temperature of the tody, but much more on the 
correct regulation of the cooling power of the air in which a human being or 
animal is placed, and that a direct measure of correct conditions may be 
obtained by measurements of the actual rate at which heat can be conveyed 
from a body placed in any particular condition. 

Dr. Hill has devised an instrument known as the Kata thermometer, a 
thermometer so arranged that by observing the rate at which the bulb cools and 
the spirit colunm falls, we may determine the cooling effect of the surroundings. 
Furthermore, he has determined that there are definite rates of cooling which 
in sleep, in sedentary conditions, and in full activity give the greatest comfort. 
He has also shown that circulation and food utilisation (metabolism) are greatly 
increased by keeping the body temperature up whilst submitting the skin and 
lungs to cool air, an increase in metabolism up to even 50% being determined 
in experiments on children. 

It seemed possible, particularly having in view that the organ in the egg which 
absorbs fresh air and expires air that has been used-lies towards the bottom of 
the egg, and is connected to the embryo by a very complete circulating system, 
that there might be a biological importance in keeping the upper surface of the 
egg hot and the lower surface cool. 

Several methods were tried with a view to achieving this object, but they 
generally involved the lower surface in too much ventilation. Finally, the 
experiment was tried of covering the upper surface of the eggs with a very thin 
sheet of india-rubber. 

In the case of a hot-water tank incubator, in which the heat reaches the egg 
by radiation, the effect of this was to diminish the heat reaching the eggs to such 
a point that unless the temperature of the tank was raisM to an inconvenient 
degree they could not be properly warmed; but on modifying a hot air incubator 
so that the downward stream of hot air instead of passing through the eggs 
passes on to and across the surface of the rubber, discharging by holes just above 
the level of the tray, the temperature of this rubber layer being raised to I05®F, 
the temperature at the bottom remains at about qi^F, a difference of I4®F. 
Furthermore, the eggs being enclosed, as it were, and the only removal of 
moisture being by the process of diffusion into the pure air below, the very 
rapid evaporation was stopped, and measurements showed that the moisture 
and carbonic acid followed very closely those existing in a hen's nest. 

The application of this method prc^uced veiy remarkable results, and in 



Dee. S» 192J^. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


77 


successive hatches in an incubator which has rarely given above 55% of the 
eggs placed in it, modified to this plan, this percentage was raised to over 95% 
of the fertile eggs, being about 89% of all the eggs. 

It will be noted that the application of heat to the eggs in this case is by 
direct contact and conduction instead of by methods of radiation, or alternatively 
convection, on the types which have been already explained. It is furthermore 
to be noted it may be that in this condition every egg becomes its own 
regulator, since there is a supply of heat at the upper surface of the egg passing 
to the cool under-surface, and should the supply of heat become too great the 
organism is enabled to regulate the heat by passing this heat through the 
blood stream to the cooler part. 

The great losses from ''dead in shcir' are put down to all sorts of causes. 
The chicken dies at the nineteenth or twentieth day, and in nearly every case 
the yolk, which should have been drawn in, is outside. Why? May it not 
be that from defective metabolism it has remained too large and cannot be 
drawn in ? May not the losses of incubated chicks be due to the same low 
metabolism and low vitality of the chick at hatching? Of the chickens 
hatched by the new method I have indicated, reared indoors on stone and 
wood floors, I have had no losses except by accident, and in the last lot— 
hatched from eggs of which 37% were infertile—^not a single loss up to 
four weeks. 

The remarkable change in the results obtained on the application of this 
process has led the writer to believe that this element of differential temperature 
is in reality the factor which has been missing in artificial incubation. 

The limits of time prevent more detailed discussion of this and many other 
points that might be profitably dealt with. I can only hope that I have been 
able to give a clear picture and correlation of the physical and biological 
considerations which form the scientific principles of artificial incubation. 


DISCUSSION. 

The Chairman, in opening the discussion, said he thought every one would agree 
that Mr. Atkinson had provided those present with a great deal of food for thought. 
He had liimself listened with very great interest to the question of placing a thin 
sheet of india-rubber upon the top of the eggs. The most succe.ssful incubator he 
had ever used, so far as the results were concerned in strength of chickens hatched, 
was in Newcastle 46 years ago. That was the Penman incubator, which attempted 
to apply actual contact to the upper surface of the egg in the same way as a hen 
transmitted the heat to the egg. The unfortunate part was that Mr. Penman 
used a thick layer of india-rubber and ran his hot water over'it, with the result 
that the rubber sagged, and the chickens could not get out. Therefore, a good 
number of them were wasted ; but those that did get out were really wonderful so 
far as vigour was concerned; and since that time he had been wondering 
whether there was not more in the question of actual contact than incubatbr makers 
and users had hitherto thought. If nothing else had been done—and he would 
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suggest that a great deal more had been done—^Mr. Atkinson’s introduction of that 
method, if it could be carried out, and if it proved itself, might help to solve what 
had been a very great difficulty. They all knew very well, though some, perhaps, 
did not confess it, that the hen up to the present time had beaten the incubator 
all the time. He had been in some of the biggest plants in America ; he had visited 
one in California where they had a capacity of 250,000 eggs at a single hatch, and 
there were bigger ones now. The proprietors Would not tell all they knew ; that was- 
the trouble amongst poultrymcn—they did not announce their failures—but there 
was no doubt that there was a great weakness in artificial incubation, and poultry- 
men everywhere were seeking a solution of that problem. It might be that what 
had been suggested that evening would inaugurate a new era in the poultry industry. 

With regard to the Boyle incubator to which he had referred, Mr. Boyle, who was. 
an artist living at Ainbleside in Westmorland, and whom he had visited there, had 
watched the hen most carefully ; and if any one could get the old records of 
that day they were wortli reading. Mr. Boyle was all the time under the definite 
conclusion that to get success in artificial incubation one must keep the bottoms 
of the eggs a good deal cooler than the top. fie was merely copying the hen ; and 
there was no doubt that the hen was worth copying ! 

LiiiUT.-CoLONicL F. W. Hardy asked how the extremely good results which the 
Chinese and the Egyptians succeeded in getting were obtained. He understood that 
they did not cover their eggs over with rubber sheeting or anything else. How 
was it tliat they got the difference in temperature at the top and bottom of the 
egg ; or, at any rate, how was it that they hatched so successfully ? 

Mr. Atkinson replied that the only thing that could be said against the theory 
he had put forward—and he quite realised it was a strong point—was the succe.ss, 
not of the Egyptian, but of the Chinese system of incubation, where the heat was 
put in at the bottom of the incubator. He had no explanation whatever to offer. 
Of course, he had never seen the chickens hatched by that methoii ; but so far 
as the Egyptian method was concerned, he would remind those who were interested 
that the heat w£is applied from the top. The eggs were in heaps for the first ten 
days, and, therefore, all the heat that reached the lower ones did reach them by a 
process of conduction from the toj) of the egg to the bottom ; in other words, the 
eggs themselves were making the contact layer by layer with the lower ones. There 
was a definite conduction of heat downwards. He had discussed tliat question 
with Captain Cadman, who was quite sure in his own mind, having looked into the 
question, that there were those differences of temperature in the Egyptian system 
more than tliere were in the modeni incubator. But the Chinese system he did not 
profess to bring into line with anything he had in his mind. 

Mr. Eric H. Palmer-Jones asked at what temperature the experiments were 
conducted with the rubber sheeting over the eggs. 

Mr. Atkinson said that the actual thermometer hanging in the egg-chamber 
in the usual position was at 108° ; but a thermometer laid on that part of the 
rubber which was not in contact with the eggs, i,e., in between them—was kept 
at 105®. That was the temperature of the lower part of the hen. On the top of 
the rubber the temperature was 105°, and there was about half a degree difference: 
between the upper and lower sides of tlie rubber. 

Mr. Palmer-Jones asked whether the eggs were turned. 
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Mr. Atkinson replied that they were turned in the usual way twice a day. 

Mr. M. W. Slade asked what was the idea of having the rubber very thin. 

Mr. Atkinson said he had tried the rubber at various thicknesses. He had 
hatched quite satisfactorily with rubber twice as thick as that he was now using, 
but it involved having a much higher temperature up above; instead of about 
half a degree of difference one might get up to two or three degrees of difference 
between the upper side and the lower side. The objection to that was that as the 
process of incubation went on, and much less heat was required to be carried down 
in to the egg (because the egg was producing 6o per.cent, of the required heat), 
a difficulty was found unless one was constantly testing the real temperature under¬ 
neath—a difficulty as to what temperature to use. Although he personally 
could work quite well with rubber at least twice as thick as that shown, he thouglit 
other people who wanted to have one thermometer and avoid too much trouble 
found that it was better to have the rubber very thin. 

Mr. a. Hart asked what was the size of the holes in the plate which Mr. Atkinson 
had shown, and whether the size of tlie hole bore any relation to the cubic capacity 
of the egg itself. 

Mr. Atkinson said the size of the holes had nothing to do with cubic capacity, 
because, as a matter of fact, witliin about ten minutes of the eggs being put in—at 
least towards the later stages—the normal condition was set up of a flow by diilusion 
of the gases from above to below. The area of the holes was in fact about one- 
thirteenth of the area of the plate, and with that one obtained a vapour concentration 
of about 50 per cent, above when the concentration down below was somewhere 
about 60 per cent, at 60'^. It was carefully calculated to give the right concentra¬ 
tion above with the normal air concentration below ; but it had nothing to do with 
the cubic capacity—it had relation to the area. 

Mr. Palmer-Jones asked what means Mr. Atkinson adopted for heating the 
incubator. 

Mr. Atkinson said that in the particular incubator shown he had taken the heater 
off because of its weight, but he used an ordinary hot air heater on the side of the 
usual form. 

Mr. William Lockey asked whether it would make any difference whether 
the heat was supplied from hot water or hot air, and also whether the temperature 
would be greater with the sheet on or the sheet off. Would a metal plate deflect 
or reflect the heat back into the rubber sheet, or did it make any difference whether 
■there was a metal plate or a wooden plate at the bottom ? 

Mr, Atkinson said that when using a hot water tank incubator he had found that 
he could not get enough heat radiated on to the rubber unless the temperature of 
the water was raised practically to boiling-point, which was, of course, very incon¬ 
venient : it involved a lot of steaming, and it also involved increasing the tempera¬ 
ture of the upper part of the incubator, and, therefore, wasting heat. He had found 
that the method of radiating on to the rubber did not give enough heat, but bringing 
-the air down to it did. With regard to the bottom plate underneath, first of all 



8o 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Dee. 5. 19H. 


one could work witliout that bottom plate ; but if one'did, one was working then at 
the earlier stages with air going in, and unless the air was moistened it was too dry, 
and it evaporated too much moisture from the eggs. Something must be put in 
to reduce the evaporating area. He had put a met^ plate in because what he tried 
to do all the time was to keep the temperature down ; in other words, he wanted a 
cold surface below the eggs, not a warm wooden one. The wood kept the lower 
surface of the eggs too hot. There was a cold stream of air, perliaps at 6o® going 
along the metal plate, and it kept the metal plate at somewhere about 70® and that 
helped to cool the underside of the tray. 

Mr. H. E. Watts said he understood that the question of the temperature of the 
incifbator room was not so important under the improved method as it used to be 
considered ; and, further, that there was no necessity for wetting the floor. 

Mr. Atkinson said that if the weather was very dry and he were bringing out 
some big hatches he would be inchned to wet the floor, because at the last day he 
had got the rubber off, and he might be putting very dry air in, and his experience 
was that one wanted to keep the air fairly moist. Personally he would wet the floor 
towards the end of fairly big hatches ; but for the rest of the time he did not put 
any moisture in. 

Mr. Slade asked whether Mr. Atkinson had any details as to the necessary 
humidity of the outer air in his experiments. 

Mr. Atkinson said the humidity of his incubator cellar if he did not wet the 
floor, ran at an average of about 60 or 70 per cent, at 60®. Of course, that came down 
to about 25 or 30 per cent, by the time it had got to the temperature of the incubator, 
but in the incubator the current of air below the eggs was never above about 78, so 
it was not like the air going into an ordinary hot air incubator, which was taken up 
to T 03 . 

Mr. R. Borlase Matthews said he had had the privilege of being in touch 
with Mr. Atkinson from time to time right throughout his experiments, and it was 
wonderful to see the amount of work he had put into them, with the final result of 
the very valuable paper he had read. Mr. Atkinson had said at the beginning of 
liis paper that the essence of science was measurement, and he had given a very 
good idea of the measurements required in incubation, opening up a quite new 
field. He (the speaker) had carried out one or two trifling experiments with his 
own incubator, which was of the air-circulation type, and he had been able to keep 
a constant check by means of Mr. Atkinson's little chart of humidity, and the carbon 
dioxide test certainly showed a little more than the thermometer showed. It 
seemed to him that by the aid of the rubber sheet one got a comparatively small 
chamber, which gave an opportunity of applying the heat very much more efficiently. 
Therefore, it seemed a good opening for electrically heated incubators on the modifi^ 
basis indicated by the reader of the paper. 

Mr. Atkinson agreed that it did open up a great prospect of improvement on 
the question of heat losses. He had applied the ordinary heater because he did not 
think it was wise to change .too many things at a time. He had some incubators 
running at present with some new lamp arrangements which had given very satis¬ 
factory results. He had saved one-half of the losses by finding out where they took 
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place. The moment one measured, one found wliere it was worth while cutting down. 
He had tried lamps which would run a loo incubator using less than half an ounce 
of oil per hour instead of one ounce. But in testing a new arrangement like the one 
he had described he did not like to try to alter too many things at once ; it was 
better to take one thing at a time and see where the changes came from 

Tiik Chairman asked whether Mr. Atkinson had found any change, so far as the 
loss of weight was concerned, with his new arrangement. The loss of weight was, 
of course, very much greater in an artificial incubator than under the hen. 

Mr. Atkinson said that he had not actually tried that experiment, but a great 
many incubator workers, at any rate a few years ago, laid great stress on the gradual 
growth of the air space in the egg, and they had made great efforts to get it fairly 
large. As a matter of fact, they had tried to get it large by evaporating the cfmtents 
of the egg. In nature there was very little change in the size of the air bubble 
during the first ten days, and his belief was that the direction in which to get it 
large was not by evaporating a lot of moisture out of the egg, but by producing an 
intense combustion by good blood circulation, so that the bubble was enlarged by 
burning up the material in the egg and not by evaporation. 

Mr. O.SCAR Brown asked whether Mr. Atkinson had done any special work on 
the incubation of duck eggs. People who were trying to incubate them artificially 
at present were finding much greater difficulty than in the case of hens’ eggs ; but 
Captain Cadman, who took out some ducks to Egypt last year, had found that they 
got quite good results in the Egyptian egg ovens. He would be very grateful if 
Mr. Atkinson would give his views on that subject. 

Mr. Atkinson said that his experience in the direction referred to was probably 
different from that of most people. He would go so far as to say that without 
difficulty, in various types of incubators, he had always been able to hatch every duck 
egg that was any good. He had been able to hatch turkeys’ eggs in incubators 
much better than hens* eggs. He believed that the reason was that they were 
larger, and one naturally got a bigger difference between the top and the bottom 
than one did with the smaller hens' eggs. At any rate, he had never had the 
difficulty with duck eggs. Of course, the moisture had to be kept up carefully if 
one was using hot-air incubators. 

Mr. Oscar Brown asked whether Mr. Atkinson had followed any different course, 
or whether he had used the machines in the same way ; because several poultrymen 
had found that they had had very bad results, but possibly they did not do the 
thing in the right way. 

Mr. Atkinson said that for some two or three years he had adopted the practice 
of stuffing up every ventilating hole on his incublators for the first ten days, and it 
might be that that had something to do with his success, because he realised that at 
thattimethere were tremendous draughts and evaporations due to the circulation of 
air. So he always began by blocking up with’cotton-wool the holes that the maker 
had provided; he kept the moisture up, and had for some years measured it. 
Put^g on the moisture during the last four or five days did not moisten the 
incubator. An ordinary incubator would absorb about twelve pouifds of water 
before it began to raise the real moisture at all. Ordinary incubators were made 
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of wood, and wood absorbed 25 per cent, of its weight of moisture ; and if one put 
on the moisture during the last few days one was merely preparing the incubator 
for the next hatch. 

Rear-Admiral J . de Courcy Hamilton, M.V.O., said he had heard that a 
thunderstorm was very detrimental to the process of incubation, and he asked 
whether Mr. Atkinson could give any experience of the matter. 

Mr. Atkinson said he had never connected any bad hatch with a thunderstorm. 

# 

The Chairman, in proposing a vote of thanks to Mr. Atkinson, said that the 
suggisstions contained in the paper would help in the extension of knowledge. 
In spite of what had been said about the hen beating the artificial incubator all the 
time, it was true that the poultry industry had been built up on artificial incubation,, 
and its future depended upon the solution of the problems that arose in connexion 
with artificial hatching. Therefore, the author, in giving so much thought and 
time and study to the subject, and in bringing to bear his scientific knowledge,, 
not only in the realm of biology but in physics and mechanics, was rendering a very 
great service to the industry. 

Mr. Atkinson, after returning thanks to the meeting for its reception of his paper,, 
proposed a vote of thanks to the Chairman. There were two reasons why he had sugges¬ 
ted to the Secretary that Mr. Edward Brown should be asked to occupy thechair^ 
first, that he was looked upon by many people as the father of the British 
poultry industry; he had devoted his life to it, and no one could do more; and 
secondly, he (Mr. Atkinson) had read a statement by Mr. Brown that more 
failures in the poultry industry were to be attributed to pinning faith on the incuba¬ 
tor than to any other single cause. That led him to believe that Mr. Brown 
would sympathetically receive his efforts to improve the incubator, even if he did 
not endorse all his opinions. 


CORRESPONDENCE. 


ELECTRIC VEHICLES. 

In the report of my remarks on Colonel Crompton's paper as given on page 22 
of the Royal Society of Arts Journal, I see that 1 overlooked an error in the proof 
in line 15 from the bottom of the page, “ where 25 to 30 miles an hour”, should have 
been '*25 to 30 miles or more ”. 

With regard to Colonel Crompton’s expectation that I would have dealt more with 
electric vehicles, it seemed so short a time since Messrs. Griffin published my 
book on Industrial Electric Vehicles and Trucks, that it was not necessary to 
occupy time on the subject. 

W. WORRY BEAUMONT. 


COTTON IN ARGENTINA. 

Among the countries where the growing of cotton is possible and profitable 
from a commercial point of view, Argentina stands very high, for, though cotton 
has been grown there since the days of the American Civil War, if not prior to that 
date—^the fir^ Jesuit Mission being founded there in 1750—it is only during the 
last few years that the vast possibilities the country possesses have been realised. 
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As indicating the growth of this industry the following figures are quoted by the 
Indian Texhh Journal .— 

Season. Acres under 

cultivation. 

1918-19 .. 32.443 

1920-21 . . 58,934 

1922- 23 .. 56.474 

1923- 24 .. 154.765 

It is anticipated—though probably tliis is an optimistic anticipation- that 
this year's crop will amount to about 60,000 bales. Growers in Argentina are 
very enthusiastic and are determined in the near future to rival the output of Brazil 
which, at present, averages about 500,000 bales per annum. The principal cotton 
grown is of the type known as Chaco cotton, which is said to compare very favourably 
with American Upland, and gives a good length fibre classified in Liverpool as equal 
to fully middling. One of the difiiculties encountered is the sparse population. 
The total population in Argentina is barely six millions, while the country itself 
is nearly as large as Europe. Not only is the northern portion, which is the most 
suitable for cotton growing, the least populated, but it is, unfortunately, the district 
which makes the least appeal to the newly-arrived immigrants, who usually prefer 
the more temperate middle and southern parts of the country, where cereals can he 
grown. Another difficulty that has to be faced is that of transport. The 
majority of the Chaco cotton has to be carted very long distances to the railroad, 
and then carried by train to Buenos Aires, a distance of about one thou.sand kilo¬ 
metres—and railway freights are by no means light in Argentina—and this 
materially adds to the market price of the cotton. This question does not at prcr.ent 
•seriously prejudice the industry, but should other sources of supply be forthcoming, 
the problem of competition and the lowering of market charges would 
make the question of the cost of transport a very serious one. The soil of the cotton¬ 
growing areas is practically virgin and lias given very good yields, the net yield 
per acre being 265 lbs. as compared with 100 lbs. in Georgia and 144 lbs. in Louisiana. 
Competition and rivalry in trade undoubtedly do good, and it must be borne in 
mind that while Argentina is very enthusiastic, and has very materially increased 
her cotton output, and will probably continue to increase it, other countries, and, 
in particular, the country of Brazil just across the border, are equally enthusiastic 
and can show equally good increases both as regards (luantity and quality. In 
Brazil the total production of cotton in 1921 was 70,000 tons, while in 1922 this had 
been increased to 115,000 tons. The Argentine Republic cannot, therefore, expect 
to have things all its own way, but it can reasonably expect a prosperous future 
in cotton growing. 

MEETINGS OF THE SOCIETY. 

Ordinary Meetings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced :— 

December 10. (5.0 p.m.).— ^Norman Thomson, “ Colombia as a Field for 
Development." Thomas J. Ive, Vice-President of the Anglo-Colombian 
Chamber of Commerce, will preside. 

Thursday, December ii.— Senatore Guglielmo Marconi, G.C.V.O..LL.D., 
D.Sc., Chairman's Inaugural Address, ''Radio Communications."* 



84 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. Dec. s. i«f*. 


Papers to be Read after Christmas. 

Sir Ernest Rutherford, M.A., D.Sc., F.R.S., Trueman Wood Lecture. 

Sir J. Fortescue Flannery, Bt., Past-President of the Institute of Marine 
Engineers, “ The Diesel Engine in Navigation.” Lord Bearsted will preside. 

Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., " The Power of Internal Com¬ 
bustion Engines for Motor Cars.” 

Major-General Sir William Sefton Brancker, K.C.B., Director of Civil 
Aviation, Air Ministry, “ Commercial Aviation.” 

Henry G. Dowling, " Wall-papers.” 

Claude H. Friese-Greene, " Colour Cinematography.” 

J. S. Owens, M.D., A.M.I.C.E., F.G.S., Superintendent Advisoiy Committee 
on Atmospheric Pollution, Air Ministry, Meteorological Office, “ Modem 
Atmospheric Conditions.” 

Sir Samuel Instone, " The Thames Passenger Services.” 

Cedric Chivers, “ Bookbinding.” 

Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., Department of 
Glass Technology, University of Sheffield, " The Modem Production of Sheet- 
glass.” 

C. R. Peers, C.B.E., F.S.A., Chief Inspector of Ancient Monuments and 
Historic Buildings. Subject to be announced later. 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.), B.Sc., 
D.P.H., F.R.C.P.E., “ The Trend of Modem Hygiene.” 

Mrs. Graydon-Stannus, “ Irish Glass, Old and New.” 

Charles A. Baker, Engineering Department, London County Council, 
" The Electrical Equipment of the London County Hall.” 

Emile Cammaerts, “ The Restoration of Public Buildings in Belgium.” 

Lieut.-Colonel Sir David Prain, I.M.S., C.M.G., C.I.E., M.A., LL.D., 
F.R.S.E., F.R.S., Sir George Birdwood Memorial Lecture, “ Government 
Botanical Gardens.” 

J. T. Marten, M.A., I.C.S., " The Indian Census.” 

Sir Henry Sharp, C.S.L, C.I.E., M.A., "The Development of Indian 
Universities.” 

Sir Gilbert T. Walker, C.S.L, M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
" Indian Meteorology.” 

Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., “ The 
Heart of Asia and the Roof of the World.” 

Sir Alfred' Chatterton, C.I.E., Assoc.M.Inst.C.E. Subject to be 
announced later. 

Lord Stevenson, G.C.M.G., " The British Empire Exhibition, 1924.” 

Hon. William G. A. Ormsby-Gore, M.P. Subject to be announced later. 

Lord Blyth, “ Peimy Postage and Postal Communications Generally.” 

R. H. Brackenbury, “Transport in Tropical Africa." 
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Cantor Lectures. 

Monday evenings, at 8 o'clock. 

Louis C. Martin, D.I.C., A.R.C.S., D.Sc., Lecturer in the Department of 
Optical Engineering and Applied Optics, Imperial College of Science and 
Technology, South Kensington, " Modern Colour Problems." Three Lectures. 
November 24, December i and 8. 

Lecture III.—Colours of material objects. Some colorimeters and their 
possible accuracy. Limited range colorimeters and ncphelometers. General 
lines of progress. Probable limitations of these methods. 

V. E. Pullen, Director, Radiological Research Department, Woolwich, 
" Radiological Research—^A History." Three Lectures. January 19, 26, 
February 2. 

Lecture I.—Natural Philosophy. The h'ascination of speculative 
philosophy. The border line between science and philosophy. Early natural 
philosophy. Development of theory. Discovery of X-rays. Controversy 
as to their nature. Modern theory concerning X-rays. Kelation to modern 
atomic theory. 

Lecture II.—Early apparatus. Early X-ray generators. Early vacuum 
tubes. X-ray tubes. Development of electrical generators. Development 
of X-ray tubes. The X-ray spectrometer. Measuring apparatus. Lines 
of modern radiological research. 

Lecture III.—-Early applications of X-rays. Development of medical 
uses. Modern applications. Physiological dangers. Necessity for pro¬ 
tection. 

Walter Rosenhain, B.A., B.C.E., D.Sc., F.R.S., Superintendent of the 
Department of Metallurgy and Metallurgical Chemistry at the National 
Physical Laboratory, " The Inner Structure of Alloys." Three Lectures. 
February 16, 23, March 2. 


Howard Lectures. 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels." Three Lectures. 
April 20, 27, May 4. 


Dr. Mann Juvenile Lectures. 

Wednesday afternoons, at 3 o'clock. 

Lieut.-Colonel E. H. Richardson. Two Lectures. 

Lecture I.—January 7.—“ Dogs in War.** 

Lecture II.—January 14.—“ Dogs in Peace.** 

(Special tickets are required for the Dr. Mann Juvenile Lectures.) 
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MEETINGS OF OTHER SOGIE3i;iES DURING THE ENSUING WEEK. 

Monday, Decbmbbr 8. .Surveyon’ Institution, is, Great George Street, S.W. 8 p.m. 

Geographical Society, Lowther Lodg& Kendngton Gore, S.W. 5 pjn. (Ixtformal Meeting). 
Electrical Engineers, Institution oL Savoy Place, Victoria Embulcment, W.C. 7 pjn. (ulonDal 
Meeting.) G. M. Clark. ** The Pretcuia Power Station." 

Farmers' Qub, at the Royal United Service Institutioii, Whitehall, S.W. 6 pjn. Prof. J. B. Boston, 
** Is it advisable that the Tuberculosis Order of 1914 or some Amendment thereof should be made 
operative ? " 

Metalsw Institute of (Scottish, Section), 39, Elmbank Crescent, Glasgow. 7.30 pjn. Mr. S. B. Flack, 
" Ships' Proaellers." 

Brewing, lastitulHM (London Section), at the Eng^eers' Club, 39, Coventry Street, W.C. 7.30 pjn. 
ii) Annual weneral Meeting. (2) Messrs. H.T, E. Hulton and J. L. Baker, ‘'The Rc^val of 
Nitrogen from Wort by Yeast during Brewery Fermentation." 

University of London, King's College, Strand, W.C. 5.30 p.m. Dr. R. W. Seton-Watson, “ Austria- 
Hungary, 1867-1918." (Lecture X.l 

Embroiderers' Guild, at the Victoria and Albert Museum, South KensingtoD, S.W. 3 p.m. Prof. 
Uthaby, •* Design." 

Victoria Institute, Central Buildings, Westminster, S.W. 4.30 p.m. Prof. T. G. Pinches," The Wordiip 
of Idols in Assyrian History in relation to Bible Refermces." 

TufsOay, Decbmbbr 9. .Automobile Engineers, Instituticm of, at the Royal Society of Arts, John Street. Adelphi, 
W.C. 7 p.m. 

Anthropological Institute, 50, Great Russell Street, W.C. 8.13 p.m. 

Coloniad Institute, Hotel Victoria, Northumberland Avenue, W.C. 8.30 pjn. Viscount WiUingdon, 
" Thoughts on India." 

Marine Engineers, Institute of, 85, The Minories, £. 6.30 pju. Mr. J. C. M. MacLagan, " The 

Sliding CyUnder double-acting two-cycle Diesel Ene^ne." 

Mechanical Engineers, Institution of (Soudi Wales Branch), Chamber of Commerce, Swansea. 6 pjn. 
Mr. D. Adamson, " Economics and Engineering." 

Faraday S^ety, at tne Chemical Society, Burhngton House, Piccadilly, W. 7.30 p.m. (i) Dr. D. J. 
Hissink," Base Exchange in Soils.'* (a) Professor N. M. Cember, "The Role of the Electro- 
Negative Ions in the Reaction betwe^ Soils and Electrolytes." (3) Messrs. H. J. Page and W. 
WiUiams," Studies on Base Rxchai^e in Rothamsted Soils." (4) Prof. G. W. Robinson and Mr. 
Rice Williaxns," Base Exchange in Rdation to Soil Acidity." (5) Mr. S. J. Saint, ** The Relation 
between the pH Value, the IJmc Requirement and the Thiocyanate Colour of Soils." (6) Mr. £. A. 
Fisher," Some Secondary Aspects 01 Base Exchange in Soils." 

Electrical Engineers, Institution of (£. Midland C^entre), at the Town Hall, Leicester. 6.45 p.m. Mr. 
T. Hall," Domestic Applications of Rlectiicity." 

University of London, King's College, Strand, W.C. 5.30 p.m. Baron A. F. Meyendorff, " The 
Theoretical Interpretation of Marxism in Russia." 

5.30 pjn. Mr. M. Kaye, " Tlie Philosophy of the Absolute in English Thought," (Lecture I.) 
Photognphic Soejety, 35, Russell Square, W.C. 7 p.m. Conference of the Scientific and Technical 

Group on the Standardisation of Methods of Testing Dry Plates. 

Wednesday, December 10. .Constructive Birth Control, Society for, Essex Hall, Essex Street, Strand, W.C. 8 p.m. 
Miss E. F. Rathbone, " Family Endowment and Birth Control." 

University of London, University College, Gower Street, W.C. 5.30 pjn. Mr. I. Bjorkhagen, 
" Frediika Bremer and England." (Lecture 1.) 

5.30 p.m. Mr. A. Gomme," Technical and Scientific Jibraries." 

Public Health, Royal Institute of, 37, Ku^l Square, W.C. 4 p.m. Sir Robert Jones," The Problem 
of the Cripple Child." 

Civil Engine^, Institution of. Great George Street, S.W. 7 pjn. (Informal Meeting.) Mr. E. 
Latham," Suitable Fendering for Tidal Berths." 

Tiiur8da>‘s December ix.. African Society, at the Royal Society op Arts, John Street, Adelphi, W.C. 5 p.m. 
Royal Society, Burlington House, Piccadilly, W. 4.30 p.m. 

Antiquaries, Society of, Burlington Housed Piccadilly, W. 8.30 p.m. 

Textile Institute, 38, Bloomsbury Square, W.C. 7 p.m. (Informal Meeting.) 

Historical Society, 22, Russell Square, W.C. 5 p.m. Prof. F. H. Relf, ** Elsmg's Note Book, x688." 
London County Council, Gcffrye Museum, Kingsland Road, £. 7.30 p.m. Sir Frank Bainet," West- 
xyster Hall." 

Metals, Institute of, at the Institute of Marine Engineers, 85, The Minories, £. 7.30 p.m. Mr. F. W 
Rowe, '* Present Problems and Devdopments in Engineeriim Bronze Foundry F^ctice." 
Electrical Engineers, Institntion of (Dundee Centre), University College, Dundee. 7.30 pjn. Messrs. 
A. G. Norris and Mr. W. H. T. Swire, " Industrial Power Supply. A emnparison of Electrical 
and other Methods of Driving Industrial Biachinery." 

Mechanical Engineers, Institution of (Midland Section), Queen’s Hotel, Birmingham. 6.30 p.m. 
Kng. Vice-Admirsd Sir George Godwin, ** The Trend of Development of Marine Impelling 
Machinery." (^omas Hawkslcy Lecture.) 

University of Lon^n, King's College, Strand, W.C. 3.30 p.m. Mr. M. Beza, ** Pagan Remnants 
of Roumanian Folklore." (Lecture II.) 

^.15 p.m. Rev. W. R. Matthews, " The Social and Political Ideas of some Great Thinkers of the 
Renaissance and Reformation." (Lecture VIII."John Calvin.") 

Civil Engineers, Institution of, Great George Street, S.W. 6 p.m. Joint Meeting with the Mechanical, 
Electrical and other Engineering Institutions sdio are co-operating in Tabulating the Results of 
Heat-Engine and J^ler Trials. Discussion on a paper by Captain H. R. Sankey, " Standards 
of Comparison in Connection with the Thermal Efficiency of Steam Engines." 

Friday, December 1 a. .London Society, at the Royal Society op Arts, John Street, Adelphi, W.C. 5 pjn. Major 
H. BameR " The Bridges of London." 

Astronomical society, Burlington House, Piccadilly. W. 3 p.m. 

Malacological Society, at the Linnean Society, Burlington H0U8& Piccadilly, W. 6 p.m. 

Metals, Institute of (Swansea Section), University CoUeg^ Sinueton Park, Swansea. 7.15 pjn. Mr. 

T. Hill," The Design of Furnaces for Annealbg and Heat Treatment." 

Mechanic^ Engineers, Institution of (York^ire Branch), in the Philosophical Hall, Park Row, Leeds, 

7.30 p.m. Prof. G. P. Charaock, ** Some Fallacies concerning Invention." 

Universitv of Lor.don and Shakespeare Association, King's College, Strand, W.C. 5.30 pjn. Dr. E. 
Grillo," Shakespeare in Italy." 

Photographic Society, 35, Russell ^uare, W.C. 7 P*»- Mr* A. Cheese," A Winter Holiday in Greece." 
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NOTICES. 

CANTOR LECTURE. 

On Monday, December ist. Dr. Louis C. Martin, A.R.C.S., D.Sc., 
Lecturer in the Department of Optical Engineering and Applied Optics, 
Imperial College of Science and Technology, South Kensington, delivered 
the second lecture of his course on “ Modern Colour Problems.” 

The lectures will be published in the Journal during the Christmas recess. 


FOURTH ORDINARY MEETING. 

Wednesday, December 3rd, 1924. Sir Robert Abbott Hadfield, 
Bt., D.Sc., F.R.S., Member of the Council, in the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Field, Major George Kenelm, London. 

Mullowney, John James, M.D,, Nashville, Tennessee, l\S.A. 

Shuttleworth, Alfred, Bury, Lancs. 

The following candidates were duly elected Fellows of the Society:— 

Bahri, Hakim Roy, B.Com., Delhi, India. 

Barton, Sir William, J.P., Stockport. 

Burrell, William Gunn, M.A., Glasgow. 

Clinton, William Wills, London. 

Fairey, C. R., M.B.E., F.R.Ae.S., Hayes, Middlesex. 

Homing, Harry Le-Van, Waukesha, Wisconsin U.S.A. 

Minns, Miss Susan, Boston, U.S.A. 

Pountney, Harold W., London. 

Roth well, Charles Frederick Seymour. Radlett, Herts. 

A paper on “ The Teaching of Science in Secondary Schools ” was read by 
Professor C. A. Carus-Wilson, M.A., F.R.A.S. 

The paper and discussion will be published in the Journal of December 26th. 
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INDIAN SECTION. 

Friday, December 5th, 1924; Professor Henry E. Armstrong, Ph.D., 
LL.D., D.Sc., F.R.S., in the Chair. 

A paper on “ Problems of Foo 4 , with Special Reference to India,*' was 
read by Lieut.-Colonel R. McCarrison, C.I.E., M.D., LL.D., D.Sc., F.R.C.P., 
Indian Medical Service. 

The following took part in the discussion :—Sir William Henry Willcox, 
K.C.I.E., C.B., C.M.G., M.D., Lieut.-Colonel Sir Charles H. Bedford, D.C.L., 
LL.D., D.Sc., M.D., late I.M.S., Colonel W. G. King, C.I.E., M.B., late I.M.S., 
Colohel Sir Charles E. Yate, Bt., C.S.L, C.M.G., Mr. N. M. Muzumdar, Dr. C. 
Muthu, General Sir Edmund Barrow, G.C.B., G.C.S.I., and Dr. J. Augustus 
Voelcker, M.A. 

The paper and discussion will be published in the Journal of January 2nd, 
1925 - 


dr. MANN JUVENILE LECTURES. 

Under the Dr. Mann Trust a short course of lectures adapted to a juvenile 
audience will be delivered on Wednesday afternoons, 7th and 14th January, 
1925, at 3 p.m., by LiEUT.-Colonel E. H. Richardson, on Dogs in War " 
and ** Dogs in Peace." The lectures will be fully illustrated with lantern 
slides, and by the dogs themselves. 

Special tickets are required for this set of lectures. A sufficient number 
to fill the room will be issued to Fellows in the order in which applications 
are received, and the issue will then be discontinued. Subject to these 
conditions, each Fellow is entitled to tickets admitting two children and 
one adult. Fellows who desire tickets are requested to apply to the Secretary 
at once. 

Tea and coffee will be served in the Library after the lectures. 


LIST OF FELLOWS. 

The new edition of the List of Fellows of the Society is now ready, and 
copies can be obtained on application to the Secretary. 


PROCEEDINGS OF THE SOCIETY. 


THIRD ORDINARY MEETING. 

Wednesday, November 26th, 1924. 

Mr. Alan A. Campbell Swinton, F.R.S. {late Chairman of the Council), 
in the Chair. 

The Chairman, in introducing the reader of the paper, said Mr. Elwell, who 
was about to give a demonstration of Talking Motion Pictures, was very well 
known in tlie electrical world, more especially in connexion with wireless telegraphy. 
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He had probably done more than any one else in the production of what were 
known as continuous wave stations by means of the Poulsen arc. He was one 
of the pioneers in that particular line, and apparently he had now started on another 
pioneering expedition, about which he would tell the meeting on that occasion. 

• 

The paper read was:— 

DE FOREST PHONOFILMS OR TALKING MOTION PICTURES. 

By C. F. Elwell, B.A., M.I.E.E. 

Many inventors have tried during the last two decades to solve the problem 
of making perfectly synchronised talking motion pictures. The first “talking 
picture “ was known as the “ Cameraphone “—the method employed being 
to make the motion picture while a stock wax cylinder type of record was 
played. The actors sang, or pretended to sing, and the camera photographed 
the lip motion. The novelty of this method made it popular for a time. 

The " Kinetophone “ of Thomas A. Edison was the next step in advance. 
Better results were obtained for the reason that the phonograph record was 
made simultaneously with the making of the motion picture negative. The 
synchronisation of the sounds with the lip motion was good, but the reproduc¬ 
tion of this synchronisation was difficult, as so much depended upon the skill 
of the operator, who generally had another man to start the phonograph 
record. If mechanical or electrical means were supplied it was difficult to 
keep the phonograph record and the film exactly in step. If a portion of the 
film became mutilated the difficulties became greater. Notwithstanding these 
objections the “ Kinetophone “ enjoyed quite a large measure of popularity. 
But this popularity waned, and finally no more was heard of this method. 
Other inventors tried to perfect Edison's method, but it could not be said that 
the idea of s5mchronising a wax sound record with an ordinary film was 
scientifically very sound. Wireless, among other boons, has made the perfectly 
S 3 nichronised talking motion picture possible upon sound scientific and 
commercial lines. 

When Dr. Lee Dc Forest, the well-known American wireless inventor, placed 
a third electrode in the two-electrode valve, he made a discovery which 
revolutionised the transmission, both with and without wires, of speech and 
music. This little Aladdin's lamp has made possible radio telegraphy and 
telephony to the ends of the earth; it has made telephony over wires and 
cables practicable over distances of 5,000 miles or more; it has made >;ounds 
audible which hitherto were quite inaudible and unintelligible, and it has made 
possible the dream of many years, the perfectly synchronised talking motion 
picture. It is my intention to explain to you this evening how the three- 
electrode valve has made possible the talking motion pictures, which will be 
shown to you on the termination of my remarks. In these example.s you will 
note the perfect S3mchronisation of the words of the speakers with the motion 
of their Kps, as well as the faithfulness of reproduction of the voices. You 
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will also be given an opportunity of noting the faithfulness of reproduction 
of music and of song. 

Dr. De Forest conceived the idea of making talking moving pictures or 
“ phonofilms/' as he calls them, quite a number of years ago. It was only 
recently that he attacked the problem, and he then laid down as a first essential 
to the commercial success of these “ phonofilms ** that only standard film as 
used in the cinema, should be employed. On a narrow strip, only 3/32* wide, 
he has succeeded in recording all kinds of sounds. The balance of the width 
of the film, W'hich, as you know is i"" in width, is used for the picture in the 
ordinary way. For your enlightenment you will be permitted to see the sound 
record on the second reel of films. You will see that the very narrow sound 
record, which will be magnified until it is about 12'* in width on the screen, is 
marked with a varying number of light and dark horizontal lines of different 
widths. If a high pitched note is being played you will note the large number 
of fine lines, indicating a high frequency. If a low pitched note is being played 
or sung, you will observe that the horizontal lines become thicker and there 
are fewer of them, indicating a low frequency. 

How is sound as represented by these lines recorded upon this narrow strip 
of celluloid ? In reality it is all very simple, with the aid of the three-electrode 
valve. The picture is taken in the ordmary way by means of the ordinary 
cinema camera. In the camera a small gas-filled lamp is placed. The sounds 
emitted by the speaker are picked up by means of a very sensitive microphone. 
The very small electric currents from the microphone are amplified enormously 
by means of a three-electrode valve amplifier. This is done in order that the 
variations of the electric currents, which represent the sounds made before the 
microphone, shall be large enough to affect the light emitted by the lamp in 
the camera. The light from this gas-filled lamp passes through a very fine 
slit placed as close as possible to the celluloid film. The variations of the 
intensity of the light from this lamp are recorded photographically on the 
film in the form of these horizontal lines. The picture and sound have thus 
been recorded simultaneously and upon the same film. S5nichronisation 
must therefore be perfect. Sound waves have been transformed into electric 
currents and electric currents into light, which has been permanently recorded 
upon the sensitised celluloid film. This film is then developed and is known 
as the negative. From this negative any number of positive prints can be 
made. 

The reproduction of the photographically recorded sounds is also very simple. 
The roll of positive film is placed in an ordinary cinema projector, to which has 
been fitted an attachment containing a small incandescent lamp, a fine slit 
which is only .0015'' wide and 3/32^^ long, a guide for the film and a photo¬ 
electric cell. The light from the small incandescent lamp shines through the 
fine slit. The film is guided so that the portion of the film upon which the 
sound is recorded passes before this illuminated slit. The intensity of the 
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light which passes through the more or less translucent film is governed by the 
number and width of the horizontal lines. This fluctuating beam of light then 
falls upon the photo-electric cell. It is the property of a photo-electric cell 
that its resistance changes with the intensity of the light falling upon it. For 
talking motion picture work it is essential that these changes should be 
instantaneous. The Thalofide photo-electric coll, invented by Mr. T. W. 
Case, is in effect practically instantaneous in its action. The fluctuating 
beam of light is thus transformed into small electric currents. By means qf 
the three electrode valve these small currents are again increased in strength, 
until they are strong enough to operate^ loud speaker. You will be hearing 
the loud speaker, and it is for you to judge whether the voice has been faithfully 
reproduced. Remember that the sound has made a long journey through the 
air; a microphone ; a set of thrcc-electrodc valves ; a gas-filled lamp ; a 
fine slit; a celluloid film and a photographic bath, which is the cycle necessary 
to make what is known as the negative. From this negative a positive print 
was made and developed. Then the second cycle necessary to reproduce 
consists of a beam of light; a fine slit; a fast moving film ; a photo-electric 
cell; an amplifier and finally a loud speaker, which is perhaps the weakest 
link in the chain. 

Having now briefly described what I believe will impress you as an amazing 
scientific conquest, when you see and hear, e.g., the President of the United 
States speaking in the grounds of the White House at Washington, together 
with other examples of what has been made possible by the genius of Dr. De 
Forest, a few words as to the possible applications of this invention may be 
appropriate. 

Doubtless it has been passing through your mind that the public may not 
want the talking picture. Can the picture and sound which go together so 
naturally in actual life, and which have been so completely divorced from each 
other since the beginning of the cinema art, and for a good reason, be again 
brought together in a manner which shall be, if not entirely natural, at least 
artistic, pleasing, and of educational value ? 

The ordinary silent drama, to which we have all become so accustomed, will 
not in general be improved by the addition of the voice. Many moving 
picture artists have no adequate speaking voices because they have not been 
trained on the stage. The situation is exactly like that which existed when 
the motion picture was first evolved. It was the common idea that the motion 
picture drama would be nothing more than an attempt to photograph the 
ordinary drama of the stage, limited to the same confined situations, the same 
small scenes, the same few characters. It did not take long to demonstrate 
the total failure of the new moving picture art to enter into successful 
competition with the drama along these lines. An entirely novel type of 
dramatic scheme and presentation was necessary before screen versions were 
artistically possible. But Edison and the other moving picture pioneers had 
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supplied a new medium, and the more enterprising, energetic and progressive 
producers promptly saw the entirely new possibilities which thus lay open to 
them, and evolved an entirely new form of entertainment. How well they 
succeeded is attested by the immense moving picture industry of to-day. 

Because of the* invention of the "phonofilm" an entirely new form of 
screen drama can now be worked out, taking advantage of the possibilities of 
introducing music and voice and appropriate acoustic effects, not necessarily 
throughout the entire action, but here and there, where the effect can be made 
most effective. It is incumbent upon the scenario writers to see these 
possibilities and to work up their situations and scenes around such acoustic 
effects as can be successfully brought out. 

It should be possible in the very hear future to reproduce in an artistic and 
pleasing manner, both musically and pictorially, operettas, entire acts of 
opera, selections by symphony orchestras, popular bands, the songs of concert 
singers whom the public admire, but are seldom privileged to actually hear, 
the playing of famous virtuosos, etc. 

The addition of incidental music, provided by means of adequate orchestras, 
to existing films is now possible, and this alone must make for greater enjosnnent 
of silent films by dwellers in the small towns who are now denied adequate 
musical accompaniment. 

The reading of lengthy letters, telegrams, etc., could frequently be far more 
effectively rendered by a clear resonant voice, and create more dramatic 
effects than the present system of written communications. 

The educational possibilities should by no means be overlooked, as the 
addition of a lucid explanation, delivered in the first place by some authority 
on the subject, would greatly enhance the interest to the audienc'^ and the 
lucidity of the lesson to be conveyed. 

The weekly news items, which are now so popular, can be made vastly 
more interesting. The animated cartoons can be made a great deal more 
humorous if the animals and manikins could speak their funny thoughts. 

The filming of notable characters m the public eye will be made much more 
interesting and genuine to the audience. You will be convinced of this when 
you hear President Coolidge delivering his talk. 

No one can deny the need, to our present more or less thoughtless generation, 
of frequently seeing and hearing in their exalted moments our really great 
men, reproduced from time to time for the benefit and uplift and inspiration 
of us all 

In conclusion, may I ask you not to judge the future usefulness of the De 
Forest Phonofilm by this present accomplishment, but rather by its promise 
of finer things soon to be achieved ? 

Mr. Ehvell then gave a demonstration of the talking motion pictures. 
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Thk Chairman said he was sure every one present would wish to congratulate 
Mr. Elwell upon the success of his demonstration, which he understood was the 
first demonstration of that really marvellous invention that had been made in this 
country. It was difficult to surmise what would be the future of the invention. 
Mr. Elwell had alluded to tliose gentlemen wheat present appeared in the “ pictures,’* 
as they were called, who could not speak. He supposed they would all have to 
take lessons in elocution, because he was sure the public having had such speaking 
pictures would continue to want speaking pictures ; but he dared say there might 
also be scope for the other kind of picture in scenic effects, where the speaking 
and sound were not so important. Most professional men had had their mouths 
made to water when they read in Ihe papers of the fabulous salaries which the 
picture “ stars ” obtained. When they had to speak in addition, he supposed 
they would require ai; extra fee I The invention whicli Mr. Elwell had demonstrated 
was really a very interesting example of liow discoveries and inventions in one 
branch of applied science led to improvements in other branches. The whole of 
the demonstration, so far as the sound was concerned, depended upon the thermionic 
valve, which was originally invented in England by an old friend of the Society, 
Dr. J. A. Fleming, and was afterwards made into a magnifier of sound—an amplifier, 
as it was called—by Mr. De Forest, who, he believed, was responsible in large 
measure for the wonderful invention which had just been demonstrated. If it Jiad 
not been for the invention of that amplifier there would still be the sounds from 
the film, but the sound would be so weak that it would not be audible even to the 
slightest extent with the telephone receiver held to the ear ; yet those very small 
electric currents, so small that they would not work an ordinary telephone—and 
an ordinary telephone was a very sensitive instrument—were magnified by the 
thermionic valve, and one got the marvellous effects they had heard, wJiich perhaps 
erred in the direction of being too loud for the size of that room. 

Mr. Robkrt W. Paul said he had not come to the meeting to make any remarks, 
but to learn ; and he must say he had learnt a good deal by watching the process 
illustrated on the screen. It was very difficult indeed to prophesy with regard 
to the future of any such invenfion ; but when one went back some 30 years and 
recalled the early moving pictures, and tlie prophecy by the leading impresario 
of the day in I.ondt>n of their end in a fortnight; and when one considered the 
present position of the moving picture in public estimation, and the possibilities 
that arose out of the invention wliich had been shown, one could set no limit to 
their development. As the Chairman had said, it was an example of development 
in one branch of pliysics leading to development in another branch—a process 
which they had all watched in their lifetime as applied to many other things. He 
could only offer his sincere congratulations to the inventor and to Mr. Elwell^ 
who had just given a very happy demonstration. 

Sir Richard Paget, Bt., said that any observations he might usefully make 
would refer rather to tlie reproduction of the sound than to any other feature 
of the demonstration. As the lecturer had said, undoubtedly the loud speaker 
was the weakest link in the chain; but he had no doubt that even with the 
means at present available, as for example the pleated disk type of loud speakers, 
more perfect reproduction could be got. So far as the general synchronisation went, 
it was extraordinarffy good, and seemed hardly capable of being improved. 
He would only like to add his personal congratulations to those which had already 
been expressed by Mr. Paul. 
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Mr. Llewelyn B. Atkinson (Past President of the Institution of Electrical 
Engineers) said he feared he could not speak as an expert in the art which had been 
put before the meeting. In that room during the last forty years he had assisted at 
demonstrations of the present kind in nearly all those arts which had gone to build 
up what had been presented that evening. He remembered, for instance, Captain 
Abney giving demonstrations of the early gelatine-bromide photography, which 
had made possible rapid photography and the sort of photography necessary 
for motion pictures. He remembered the early phonograph of Edison, the tin-foil 
gramophone or recording phonograph as it was called, which Colonel Gouraud had 
demonstrated in that room. He could not remember at the moment whether it 
was Sir William Freece or Sir Frederick Bramwell, both of whom were closely 
associated wnth the Koyal Society of Arts, who demonstrated in that room some of 
the earliest telephones that he and London saw. He remembered in that room 
Professor Hughes with the microplujne in its earlier forms again blinding them with the 
light of the new forces and the new experiments he had shown. He might go further 
over the various points that had been shown there—Senatore Marconi, for instance, 
with his wireless telegraphy. All those were steps towards what had been produced 
that night, and he congratulated Mr. Flwell on having given such a very success¬ 
ful first demonstration in England of the new process. He did not know which 
for the moment would most interest him—whether it was the further scientific 
developments of that art, or to hear the thoughts, expressed in words, of “ Felix 
the Cat!” 

Mr. C. H. Friese-Greenk said from what he had .seen that eveiring he certainly 
thought there were wonderful chances for the success of motion pictures in so far 
as talking was concerned for certain subjects; and he wished to congratulate 
Mr. El well on his very interesting demonstration. 

Mr. Charles R. Darling said he had very little to say except to add his congratula¬ 
tions to those of previous speakers to Mr. Elwell for the demonstration he had given. 
He had looked very carefully to see whether the motions exactly synchronised 
with the sound; and he had been unable to detect any difference whatever. The 
method seemed to him to be excellent. He thought he could predict a time when 
scientific lectures might be shown in that way. There was a possibility that 
the experiments might be shown, and the lecturer might he speaking at the same 
time ; and in that way the very best lecturers might be made to give their lectures 
to audiences all over the world. To his mind there appeared to be a very great 
future indeed for the process demonstrated by Mr. Elwell, and he was sure all 
would wish that it would meet with every success. 

Major Basil Binyon, O.B.E., said there was one thing that had not been 
mentioned by previous speakers which struck him from the wireless point of view, 
viz., the really very wonderful and extraordinary degree of low frequency amplifica¬ 
tion which Mr. Elwell had been able to carry out from those extremely feeble 
currents which he got from his photo-electric cells. Every one knew in wireless 
that a large number of stages of low frequency magnification produced a great 
many technical difficulties, and he thought the inventors of the system shown 
had to be very warmly congratulated upon being able to produce such a large 
volume of sound from such exceedingly small currents. He would like to ask 
Mr. Elwell just one questipn, whether in ariy of the films he had shown that night 
any sections or joins or pieces of spoilt film had been cut out, and if so whether 
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they were an inch or two or any more; because he liad not been able to notice 
anything of that sort. Mr. Elwell had referred in his paper to the fact that if 
the film was broken accidentally the synchronisation would not be disturbed, 
but it was possible to join the film again; and he wondered whether cutting out 
one or two pictures or a note or a portion of a syllable, or even less would make 
any difference, and whether that had been done in any of the films shown. The 
only thing which did strike him—and it had been mentioned to him by a friend 
during the demonstration—was that possibly there was a certain lack of reality. 
It might be that with that extraordinary achievement, when one got speech in 
conjunction with a human being on the .screen, one expected something more; 
we might expect, perhaps, a .stereoscopic effect, or colour; and we might 
have one day, as the art advanced, the natural colour stereoscopically with 
a speaking film—which would be probably absolutely the last word in what it was 
possible to do in that direction. But he would not like to prophesy on that point. 


Mr. Elwell, in reply, said that so far as he knew no pieces had been cut out of 
these films, but in his experience a small portion of film missing was very hard 
to detect. As all those who had discussed the film had refrained from severe 
criticism he was very grateful. He would ask the members to realise that those 
who were developing the method must crawl before they could walk. The improve¬ 
ment in the art, even in one year, had been enormous. He now had the equip¬ 
ment in England necessary to make pictures, and he hoped to be making next year 
real all-British pictures. 


The Chairman, in proposing a hearty vote of thanks to Mr. Elwell, said that he 
was sure the meeting would wish to accord to the lecturer a most cordial vote of 
thanks for his demonstration was really quite an epoch-making one. In the future, 
instead of all the politicians making speeches all over the country, they would do as 
Mr. Coolidge had done, as Mr. Elwell had shown, and make their speeches in their 
back gardens; and the speech and gestures of the politicians would be shown in every 
village hall throughout the country—a terrible thought! 


The vote of thanks was carried unanimously. 


OBITUARY. 


John Slater, F.R.I.F 3 .A.—^The Society has lost a good friend by the death 
of Mr. John Slater, which took place at his residence in West Hampstead, on 
December ist, at the age of 77. 

Mr. Slater was bom in 1847, at Bishop's Stortford. After being educated at 
the Collegiate School of his native town and at University College, London, he 
was articled to the late Professor T. Roger Smith, with whom he collaborated in 
writing a work on “ Classic and Early Christian Architecture." He began to 
practise as an architect in London in 1873. He was for many years surveyor to 
the Berners Estate in London, of which he wrote a short history. He himself 
designed electric lighting stations at Kensington, Netting Hill, and Hove, factories 
at Chiswick and Hendon, busine.ss premises in Oxford Street, and a house at 



96 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Dec. 12. VJ2i^. 


Kensington Court; while in collaboration with Mr. J. M. Keith and Mr. J. A. 
Slater, he designed various houses, shops and a factory in and near the Berners 
Estate. He was President of the Architectural Association in 1887, and Vice- 
President of the Royal Institution of British Architects from 1900-4. 

A man of extremely sound and careful judgment Mr. Slater was greatly in 
demand as an arbitrator in important building disputes, and he was a member 
of the Tribunal of Appeal under the London Building Acts. 

Mr, Slater joined the Royal Society of Arts in t8qi. In 1913 he was elected a 
member of the Council, on which he continued to sit, with a few short intervals, 
until the time of his death. He was always ready to place his wide experience 
at the service of the Society, and he rendered special assistance to. the Council with 
advite and practical help wliile the renovations to the Society’s House were being 
carried on. At the first Ordinary Meeting after the reopening of the House, he 
read a paper on “ The Strand and the Adelphi,” in which he gave an exceedingly 
interesting account of the region in which the SiK'iety had just succeeded in 
establishing itself on a permanent footing by purchasing the freehold of this House. 

In 1914, the Council appointed Mr. Slater to represent the Society on the 
Chadwick Trust, and in r<>23 they also nominated him to serve on the Sir John 
Soane Museum Trust. 


NOTES ON BOOKS. 

Thomas Chippendale ; A Study ok his Like, Work and Influenci;. By 
Oliver Brackett. London : Hodder and Stoughton, Ltd. £2 2f. net. 

It is remarkable that we possess so little definite information concerning one 
whose name has become a household word throughout the country. “ Hardly 
anything is known of his personal history,” says the ” Dictionary of National 
Biography,” which dismisses him in a little more than half a column ; and yet 
it adds : ” his influence is attested by the fact that almost all mahogany furniture 
of the last century is nowadays referred to by the ignorant as ‘ Chippendale.’ ” 
Such general want of information concerning ” this elusive personality,” as Mr. 
Brackett calls him, is the more remarkable because Chippendale must have been 
a very busy man, and moved about among all classes of society. In spite of this, 
says Mr. Brackett, ” gos.sip has nothing to say about liim. Even that notorious 
busybody, Horace Walpole, has no remarks to make on the subject nor anecdotes 
to relate, though he and Chippendale were- members of the Six'iety of Arts at 
the same time.” 

What few facts have come to light about him are carefully set forth by Mr. 
Brackett, and the most important of these are summarised in a table on pages 
15 and 16 of this volume. To readers of this Journal probably the most interesting 
entry is the fact that in 1760 he was elected a member of the Society of Arts, 
being proposed by Sir Thomas Robinson, of Rokeby, in Yorkshire, who was ” at 
one time Governor of Barbados, and well known as an amateur architect and an 
extravagant entertainer.” At that period a book was kept containing the signatures 
of members of the Society, and the page on which is the signature of Chippendale 
contains also the names of Robert Adam, Cipriani, the Duke of Portland, Lord 
Pembroke and Horace Walpole. 

Mr. Brackett gives an extremely interesting account of the various steps in 
connexion with the publication of Chippendale’s famous work, ” The Gentleman 
and Cabinet-maker’s Director.” In accordance with the common custom of the 
timeif the support of the public was sought before publication by securing advance 
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subscriptions. In the case of an expensive work like this it was necessary to 
ensure a large number of patrons, and in this Chippendale was extraordinarily 
successful. Not only did he secure a number of distinguished and wealthy 
noblemen, but the list contained also numbers of “ cabinet-makers, carvers, 
carpenters, joiners and upholsterers, men of such varied professions as plasterers, 
engravers, booksellers, a bricklayer, a founder, a painter, an architect, a merchant, 
a watch-maker, a chemist, an organ-grinder and two professors of philosophy." 
Mr. Brackett, who thinks that Chippendale understood the art of advertising 
almost as well as the art of furniture making, remarks that it would be interesting 
to know " what inducement Chippendale offered to men of the artisan class to 
subscribe for such a book as ‘ The Director*." 

The second part of the book under notice consists of some sixty excellent plates, 
showing specimens of Chippendale's masterpieces. These are arranged 
chronologically, and illustrate his development through the three periods into 
which Mr. Brackett divides his work, viz.:— 

First period (about 1740-1754). Early Geojgian. 

Second period (about 1754-1765). The Director period, illustrating the progress 

of the Rococo, Gothic and Chinese fashions 

Third period (about 1765-1779). Work executed under the influence of Robert 

Adam, painting, lacquer and inlay being the 
most favoured forms of decoration. 

In a series of appendices are printed Chippendale’s accounts for the furnishing of 
Nostell Priory, Mersham Hatch, David Garrick's House in the Adelphi, and 
Harewood House. These are extraordinarily interesting from the economic point 
of view. They are given in great detail and the prices are such that often one 
can hardly believe that any profit could have been made on the articles. The 
well-known " Diana and Minerva " commode at Harewood House, for instance, 
was supplied for and other charges were on a similar scale. 

We cordially congratulate Mr. Brackett on the care with which he has collected 
together all the available materials of Chippendale's life and on his success in 
producing an eminently readable and attractive volume. In view of the pleasure 
which he has given us, it may seem ungracious to cavil at a slight error in the 
first paragraph, where he seems to suggest that the Royal Society was founded 
in the eighteenth century. As a matter of fact, it came into existence in the 
seventeenth, the date of its foundation being usually given as 1660. 


GENERAL NOTE. 


Candelilla Wax in the Ciudad Juarez District of Mexico. —The manu¬ 
facture of candelilla wax in commercial quantities in the Ciudad Juarez district of 
Mexico is a comparatively new and important industry, according to the United 
States Vice-Consul there. The candelilla has grown wild and in profusion in northern 
Chihuahua for years, but all experiments to cultivate the plant have been unsuccess¬ 
ful. The possibility of manufacturing the product on a large scale has been pre¬ 
cluded, on account of the remote region in which the candelilla is grown—more 
than 100 miles from the nearest shipping point. However, an American residing 
at La Jitas (Texas) is now operating a number of small wax factories just across 
the border slnd is finding a ready market for his product in the United States. 
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MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 


Monday, December 15. .Massage and Medical Gymnastics, Society of, at the Royal Society of Arts, John Street, 
Adelphi, W.C. b.20 p.ni. Dr. E. Cyiiax, “Some Practical Hints in Mechano-Thcrapcutics.” 

Alpine Club, 23, Savile Row, W. 8.30 p.m. 

Briiish Archiiecis, Royal Institute of, 9, Conduit Street, W. 8 p.m. Mr. A. J. Davis, “ Shop Fronts 
and their Treatment.” 

Mechanical Engineers, Institution of. Storey’s Gate, Westminster, S.W. 7 p.m. (Graduates’Section.) 
Mr. E. G. Davies, " Some Aspects of Works. Management, with a view to cutting Costs of Pro¬ 
duction.” 

Geographical Society, 135, New Bond Street, W. 8.30 p.m. Major R. E. Cheesman, “ Tlie Deserts 
of Jafura and Jabriii.” 

University of London and Browii Institution, at the Royal College of Surgeons, Lincoln’s Inn Fields, 
W.C. 4 p.m. Mr. F\ W. Iwort, “Modem Bacteriological 'rcchniqiie.” (Lecture III.) 

Electrical Engineers, Institution of (Mersey and North Wales Centre), at the University, Liverpool. 

7 p.m. Mr. G. Rogers, “ Automaiic and Semi-Automatic Mercury-Vapour Rectifier Substations.” 

^ Victoria J.caguc, 22, Lccleston Square, S.W. 5 p.ni. Mr. A. Yiisut Ali, "J.ucknow.” 

TuiSDAY, December 16. .Statistical Society, at the Royal Society of Art.s, John Street, Adelphi, W.C. 5.13 p.m. 

Botanic Society, Inner Circle, Regent’s Park, N.W. 3 p.m. Prof. Bickertoii, “ Waves and Vibrations.” 

Civil Engineers, Institution ot, (*reat George Street, Westininster, S.W. 6 p.m. Dr. T. E. Stanton,^ 
“ Report on the Measurement of the iTcssure of the \V ind on Structures ” 

Marine Engineers, Institute ol, 85, Ihc Minories, E. 6.30 p.m. Mr. E. G. Wamc, “ The Development 
of Steam and of Oil Engine Machinery for l*ropulsion.” 

Photographic Society, 33, Russell Square, VV.C. 7 p.m. Mr. L. B. Booth, “ The Telephoto Lens.” (Traill- 
Taylor Memorial Lecture.) 

Illuminating Engineering Society, 13, Savoy Street, Strand, W.C. 7 p.m. Discussion on Shop Window 
Lighting. 

Anthropological Society, 30, Great Russell Street, W.C. 8.15 p.m. Rev. II. VV. Williams, “Some 
Customs, Beliefs and Trails of the Maori.” 

Colonial Institute, Hotel Victoria, Northumberland Avenue, W.C. 4 p.m. Mr. J. S. Little, ** Empires 
(Jld and New.” 

Atictioiiccrs’ and Estate .Agents’ Institute, 2<), Lincoln’s Inn Fields, W.C. 7.30 p.m. (Junior Member**’ 
Meeting.) Discussion on Presidcnital Address. 

University of I/mdon and Brown Insiiiiition, at the Royal College of Surgeon.s, Linc.oh)’s Inn Fields, 
W.C. 4 p.m. Mr. F. VV. Twon, “ Modem Bacteriological lechiiique ” (Lecture IV.) 

At King’s College, Strand, W.C. 3.30 p.m. Baron A. F. Meyendorfi, "Marxism Apilied.” 
5.30 p.in. Mr. M. Kaye, "The Philosophy of the Absolute in Fnglish '1 bought.” (Lecltiro II.) 

^Wednesday, Deci-mukr 17. .Meteorological Society, 49, Cromwell Road, S.W. 3 p.m. (1) Mr. C. E. P. Brooks, 

“ The Problem of warm Polar Ciimates.” (2) Sir Napier Shaw, " VVinds .and Temperature in a ' 
Dry Atmosphere.” 

Microscopical Society, 20, Hanover Square, W. 7.30 p.m. Metallurgical Miero.scopy. (i) Dr. R. H. 
Greaves, “Super-saturated Solid Solutions.” (2) Mr. H. Wrighlon, "New Photomicmgrajihic 
Apparatus for all Purposes." (3) Mr. J, E. Barnard, Lecture DemoiisUatiou on the F:iementary 
Principles of Microscopical Illuniinatioii—(t) Transmitted Light. 

Geological Society, Burlington House, Piccadilly, VV. i'.yt p.m. 

Civil Engineers, Institution of. Great George Street, WesimiiiMer, S.W’. r. p.m. (Students Meeting.) 
Mr. H. C. Reeves, “ Maugahao l^dni-Electric Power Station.’’ 

United Service Institution, Whitehall, S.W. 3 p.m. Captain G. L. Harrison, “ 'The French Army." 

University of London and Brown Institution, at the Royal (adlege of Surgeons, Lincoln’s Inn Fields, 
W.C. 4 p.m. Mr. F. W. Tworl, “ Modem Bacteriological Technique.” (Lecture V.) 

Electrical Engineers, Institution of (North-Eastern Centre), Annstnmg College, Newcastle-on-Tyne. 

. 7.13 p.m. Prof. G. VV. Howe," Radio Telegraphy.” (Faraday Lecture.) 


Thursday, December 18. .Chcmicitl Society, Burlington House, Piccadilly. 8 p.m. (1) Messrs. W. H. Patterson and 
J. Duckett," A Method of Determining the Presence or Abstuice of Complex Salts or Ions in Dilute 
Aqueous Solutions.” (2) Mr. C. K. liigcld, “ The Nature of the Alternating Effect in Carbon ch.'iinS' •• 
Part I. The Directing Iiifliieiice of the Nitrosj-group in Aroimdic.-substitution.” (3) Messrs. 
C. K. Iiipld and S. D. Weaver, “'fhe Additive Formation of four-membrred Rings -Part Vl. 
The addition of Azc-compouiids to Ethylencs and some Transforin.iticiis of the Dimethylenr-r.c-di- 
iminc ring.” (f) Messrs. F. R. Goss, C. K. Ingold and j. F. ITiorpe, “ The Chemistry of the 
Glutacoiiic Acids.—Part XVII. Three-carbon Tautomerism in the Cyclopropane Series—i*art IV. 
(5) Mr. C. K. Ingold, "The Condition underlying the Formation of Unsaturated and Cyclic 
Compounds from Halogenatnd Open-chain Derivatives—Part IV. Products derived Iii.m Hal »- 
gcn.itcd a-mc'byl glutaric AHds.” 

Liiincan Society, Burlington House, Piccadilly, W. 5 p.m. (1) Major T. F. Chipp." The Fruiting of 
the Groiuidnut.” (2) Mr. E. J. Collins “ 'The Physiological Aspect of Blight lnfpciion{Phvtophthora 
infrMans) of Potatoes.” (3) Mr. W. P. Westell, “ Remarkable Form of Pastinaca sativa^ new to 
Britain.” (4) Major R. B. Seymour Sewell, ” A Study of the Andaman Sea Basin.” 

Antiquaries, Society of, Burlington House, Piccadilly, W. 8.30 p.m. 

Aeronautical Society, 7, Albemarle Street, W. 5.30 p.m. Mr. A. R. Watson Watt, ” Recent Studies 
on Radiotelegraphic Atmospherics.” 

Mining and Metallurgy, Institution of, at the Geological Society, Burlington House, Piccadilly, W. 


Lont^n bounty Council, at the GefTn'e Museum, Kingsland Read, E. 7.30 p.m. Mr. E. Hawking, 
“ Old Furniture aod its Construction." 

Electrical Engineers, Institution of. Savoy Place, Victoria Embankment, W.C. 6 p.m. Mr. D. Murray, 
“Speeding up the Telegraphs • a Forecast of the New Telegraphy.” 

Mechanical Engineci-s, Institution of (North Western Section), at the Engineers* Club, Manchester. 
7 p.m. (1) Pref. F. C. Lea. “ 'The Effect ol Low and High Temoeratures on Materials.” (2) Mr. 
J. M. Lcssells, " The Elastic Limit in'Tension and its Influence on the Breakdown by Fatigue.” 
Friday. Dbcbmrrr 19. .Automobile Engineers, Institution of, Watergate House, Adelphi, W'.C. 7.30 p.m. 
'(Giaduates’ Meeting.) Mr. H. E. Men^tt, “ Tooth Gearing.” 

Photographir Society, 35, Russell Sqiiaie, W.C. 7 P*nt. Mei-ting of the Pictorial.Group. 
Mechanical Engineers, Institution of, Storey's Gate, Westminster, S.W. 6 p.m. Report of the Wire 
Ropes Research Committee. 
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NOTICES. 

CHAIRMAN’S INAUGURAL ADDRESS. 

The Inaugural Address of the Chairman of the Council, which had to be 
postponed from November 5th owing to his unavoidable absence abroad, 
was delivered on Thursday, December nth, by Senatore Guglielmo 
Marconi, G.C.V.O., LL.D., the subject being “ Radio Communications/' 

The Swiney Prize and the medals awarded for papers read last session 
were presented. 

On the motion of Mr. Alan A. Campbell Swinton, F.R.S., late Chairman 
of the Council, seconded by Sir Archibald Denny, Ht., LL.D., Member 
ot the Council, a vote of thanks was passed to Senatore Marconi for his address. 

The address will be published in the Journal of December 26th. 


Cantor lecture. 

On Monday, December 8th, Dr. Louis C. Martin, A.R.C.S., D.Sc., 
Lecturer in the Department of Optical Engineering and Applied Optics, 
Imperial College of Science and Technology, South Kensington, delivered 
the third and final lecture of his course on “ Modem Colour Problems." 

On the motion of the Chairman, Dr. F. W. Edridge-Green, C.B.E., 
F.R.C.S., a vote of thanks was accorded to Dr. Martin for his interesting course. 
The lectures will be published In the Journal during the Christmas recess. 


FIFTH ORDINARY MEETING. 

Wednesday^ December loth, 1924,. Mr. J. Ive, Vice-President of the 
Anglo-Colombian Chamber of Commerce, in the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 
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Bates, Walter, Richmond, Indiana, U.S.A. 

Bond, Benjamin Davis, M.A.. M.D., Kohala, Hawaii. 

Burne-Jones, David, London. 

Canning, Arthur Kicliard, London. 

Dunne, Daniel Patrick, Clifton Junction, Manchester. 

McMichael, Leslie, London. 

Tejpal, N. L., Ludhiana, J^injab, India. 

The following candidates were duly elected Fellows of the Society:— 

Caftoor, N. 1). H. Abdul. Colombo, C eylon. 

Hodgson, Edgar Stanley, Whitefield, Lancs. 

Hopkins, Miss M. H., London. 

Kielberg, h'erdinand K., Liverpool. 

Sporborg, H. N., Rugby. 

Wolton, John David, Mem..Am.S<)C.M.E., London. 

A paper on “ Colombia as a Field for Development ” was read by Mr. 
Norman Thomson. Amongst those who took part in the discussion were 
His Excellency the Colombian Minister (Sehor Dr. Don Luis Cuervo Marquez) 
and Dr. Gabriel Posada Villa, member of the Colombian Government, who 
is at present on a visit to this country. 

The paper and discussion will be published in a subsequent number of the 
Journal, 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on “ Colloid Chemistry ”-by Eric K. Rideal, M.B.E., 
M.A., Ph.D., D.Sc., F.I.C., have been reprinted from the Journal, and the 
pamphlet (price is. (d.) can be obtained from the Secretary, Royal Society 
of Arts, John Street, Adelphi, W.C. 2. 

A full list of the lectures which have been published separately and are 
still on sale can also be obtained on application. 


PROCEEDINGS OF THE SOCIETY. 


FOURTH ORDINARY MEETING. 

Wednesday, December 3RD. 

Sir Robert Abbott Hadfield, Bt., D.Sc., F.R.S., in the Chair. 

The Chairman said he had had the advantage of reading an advance copy of the 
paper by Professor Carus-Wilson entitled “ The Teaching of Science in Secondary 
Schools,” and he was quite confident that it would prove of great interest to the 
meeting. Mr. Carus-Wilson was a Cambridge man, and had unrivalled experience 
at the Royal Indian College, Coopers Hill. He was also Macdonald Professor of 
Electrical Engineering at McGill University, Montreal, and his knowledge of 
education was very wide. 






Dec . 19 . 1991 ,. JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


The paper read was :— 

THE TEACHING OF SCIENCE IN SECONDARY SCHOOLS. 

By Professor C. A. Carus-Wilson, M.A., F.R.A.S. 

The Teaching of Science in Secondary Schools was the subject of a very com¬ 
plete investigation by a Committee, presided over by Sir J. J. Thomson, whose 
report was issued in 1918. The Terms of Reference were " To enquire into 
the position occupied by Natural Science in the Educational S5rstem of Great 
Britain, especially in Secondary Schools and Universities, and to advise 
what measures are needed to promote its study, regard being had to the 
requirements of a liberal education, to the advancement of Pure Science, and 
to the interests of the trades, industries, and professions which particularly 
depend upon Applied Science.*' The Committee say :—“ We consider that 
the best preparation for any occupation or profession is a general education 
up to the stage reached by the average boy at the age of 16, followed, where 
possible, by a more specialised course on a limited range of subjects. This 
general education should provide normally for the study of English, including 
History and Geography, Languages other than English, Mathematics and 
Natural Science : each of these subjects should be regarded as an integral 
part of the education of both boys and girls. . . The point is sometimes made 
that the study of science can be more effectively pursued if it is taken up in 
the later stages of school life. . . But we are concerned with the education 
of the citizen, with the diffusion of scientific conceptions and the habit of mind 
their study induces among the general mass of the educated population. . . 
We recommend that systematic instruction in science should be part of the 
general course of education up to 16 in every Secondary School.*' 

The report advises that the science taught should consist of three parts :— 
A Preliminary Course, a General Course and an Advanced Course, the first 
two being taken by all students and the last only by those who intend to 
specialise in science. No serious question is raised with regard to the work 
to be done in the Preliminary Course : it would deal with the elements of 
Botany, Physiography and Astronomy, presented from a purely descriptive 
standpoint. The majority of the students taking the Advanced Course 
would have some examination in view, and the work done in that course would, 
therefore, be determined largely by the examination syllabus, and the subjects 
taught could not be varied to any considerable extent. 

The real difficulty connected with the teaching of science at a Secondary 
School is encountered in the General Cquxse, for this has not only to serve 
as a foundation for the work done later by those who go on to the Advanced 
Course, but also to give to that much larger body of students, who are not 
going on to the Advanced Course, a broad view of science as a whole that 
will be helpful to them in any calling they may take up in affer life. The 
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report says that the General Course " should train the mind of the student 
to reason about things \(^hich he has observed for himself and develop his 
powers of weighing and interpreting evidence: it should also make him 
acquainted with the broad outlines of great scientific principles, with the way 
in which these principles are exemplified in familiar phenomena and with their 
application to the service of man. . . The course should give special attention 
to those natural phenomena which are matters of everyday experience, . . . the 
science taught in it should be kept as closely connected with human interests 
as possible." 

The primary requirement is that the General Course should deal with science 
as a whole. At the present time, however, this is not done. In the majority 
of Secondary Schools, science is broken up into sections—^Mechanics, Heatr 
Chemistry—each of which is taught as a separate subject. The reason for 
this is that science is taught in this way for examination purposes during the 
Advanced Course, and it has been assumed that the work in the General 
Course must be on similar lines. So long as the Universities continue to 
impose upon the Schools the present s37stem of examinations, this breaking 
up science into sections will be unavoidable in the Advanced Course. But 
in order that this method may be applied to the General Course, the subject 
has to be watered down to a lower level, a process fatal to the best interests 
of the larger number of students, as has been well pointed out in a recent leading 
article in Nature :— 

" The School Science Teacher .... soon realises that successes in examina¬ 
tions are held in high esteem, and that success is most surely attained by 
teaching what has been aptly described as ' college science and water.' A 
small percentage of pupils from the schools proceeds to the Universities .... 
but what about the rest, whose instruction in science ends with their schooling ? 
The unpleasant truth is that the future needs of many are sacrificed to the 
immediate needs of the few: and school science ten^ less and less to be 
taught in effective relation with life as it is and with things as they are in 
the great everyday world, and more and more as it is dealt with by professionals 
in seminaries." 

The assumption that the work done in the General Course must be a watered 
edition of that in the Advanced Course has its origin in the teacher's own 
training. The report says:—" Examinations cannot be blamed for all the 
faults which have been pointed out to us; it seems certain that a great part 
of the difficulty arises from the fact that the teachers .... tend to go on 
teaching as they were taught themselves, and thus the work becomes 
8tereot}q)ed." This view has been ably stated by Professor Arthur Smithells, 
F.R.S. In the Presidential Address delivered by him before the Science 
Masters' Association at their annual meeting last January, he said:— 

** Universities are now centres of professional training. It is this fact that 
determines the content and, in a great degree, the method of their teaching. It 
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leads to a series of convenient formalities of procedure of a highly artificial kind. 
In science it leads at once to a segregation of subjects and an unnatural delimitation 
of frontiers, leaving us with a set of separated members of the whole corpus of 
natural knowledge. We seem almost compelled to drag our subject from its 
association with the life and things of every day: to make an abstract, or, as we 
say, a “ pure ** science of it. We devise a sort of logic of condensed presentation, 
make categories, fix arbitrary limits of information, and so end with a kind of 
canonical version of physics, botany, or whatever the science may be, an orthodoxy 
whose grip is aided by the iron hand of the examiner, and by the written word of 
syllabuses and text books. Thus we methodise our teaching with little heed of 
tiie fact that we are almost inverting the natural way of learning. For we really 
know well enough that in the natural way of learning about natural phenomena, 
we have our topic intertwined with more than one of our formal branches of science 
at once, and not only so, they stand in direct linkage with our life and history 
and with all the rest of knowledge. ... It is, however, not the University teacher 
or his functions that I wish to discuss. But what I do wish to stress, with all 
the emphasis I can give, is the unnatural form which natural knowledge acquires 
under conventional University conditions, because I think that the greatest 
difficulties of the science teacher in school have had and still have therein their 
real source.’* 

Assuming that the teacher is willing to break away from those conventional 
University conditions which have hitherto dictated his method of teaching, 
we still have to find a satisfactory alternative, by which Science may be 
presented to the student as a comprehensive whole. The author hopes to 
be able to show that a solution to this problem is to be found by taking one 
central theme round which all the various branches of science may be grouped, 
that central theme being “ The Properties and Uses of Materials.** 

The phenomena with .which science has to do result from the association 
of matter with force and energy, and depend mainly upon the properties of 
the matter concerned. Suppose, for example, that an experiment is being 
made in which a wooden rod is supported at the centre and loaded by a weight 
hung on a cord attached to both ends. The principles of mechanics enable 
us to calculate the tension on the cord and the forces acting on the rod. But 
these calculations take no account of the effect of the force on the material 
of which the rod is made: they assume that the rod is perfectly rigid, and 
the deflection of the rod, which is the really important aspect of the phenomenon, 
is not considered. The true character of the phenomenon can only be rightly 
understood by taking account of the elasticity of the rod ; but our academic 
method of teaching mechanics finds no place for elasticity, so that the practical 
side of the problem is ignored. If, however, we had taken properties of 
materials as our central theme, we should have used this experiment to 
investigate the nature of elasticity, utilising to the full all the information that 
mechanics could give as to the way in which the forces acted. Mechanics 
would thus be brought in as a means to an end, namely, to learn something 
about elasticity and its influence on the behaviour of materials in practice. 
The experiment would be repeated with different kinds of wood, in order to 
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compare their resistance to bending, and this would lead on to a discussion 
as to the practical uses of the various woods, and the elasticity required in 
each case, the subject thus being kept continually in touch with the practical 
side of things. 

These experiments on elasticity suggest experiments on other properties, 
such as the ultimate strength of wood, and it soon appears that some woods, 
such as ash, have a peculiar combination of strength and elasticity by which they 
can resist shock, namely, toughness, the measure of which is the amount 
of the energy they can absorb before breaking. The student is thus introduced 
to the idea of the association of matter with energy, an idea of great theoretical 
and practical importance. This property of toughness, in common with 
elasticity, finds no place in our system of science teaching. Thus, when a 
boy is being taught the principle of the lever, he may be shown how to work 
out, to the fraction of a pound, the force on the blade of an oar. He will 
probably think that he knows all about it, and may leave school without 
a suspicion that unless an oar is made of suitable wood, possessing this property 
of toughness, all his calculations will only lead to disaster. Thus properties 
which profoundly influence the behaviour of matter in practice, and affect 
the use of materials in every kind of human activity, domestic, commercial 
and industrial, find no place for consideration in the ordinary school science 
course, because they do not happen to be included in any one of the recognised 
branches of science usually dealt with. 

By taking the properties and uses of materials as the central theme of the 
science course, the practical side of every problem is fully considered, and 
mechanics takes its proper place, not as a subject to be studied by itself, but 
as a help in studying the central theme. 

In the same way heat will no longer be dealt with as an isolated subject, 
but will be regarded as something by which changes are brought about in 
density, ductility and other properties of materials. Familiar experiments, 
like that of the extension of a metal bar, will acquire an altogether fresh 
significance as they are used to reveal new facts about the nature of matter 
itself, for example, that the expansion of a metal depends upon its elasticity, 
and that the most elastic metals expand least. These are the really significant 
facts that should be brought out by a study of heat in a general science course : 
they are of greater importance than such exercises as the construction of 
thermometers, which at present occupy so much of our time. 

The materials to be considered in this course will include solids, liquids 
and gases, and frequent reference will be made to the composition of these 
substances. This will call for a knowledge of chemistry and will determine 
its place in the general science course. Opportimity will thus be afforded for 
the introduction of mechanics, heat and chemistry, each of which will be 
used, as occasion requires, to throw light upon the various questions that 
come up for discussion. 
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There are two waj^ in which a course of this kind may be conducted. We 
may take the properties of matter and consider them one by one, with 
illustrations from various materials, or we may take different substances 
and examine the properties possessed by each. The former would be the 
method adopted if the subject were being taught at a University: it was 
the method used by Professor Tait, who made properties of matter the founda¬ 
tion of his course of natural philosophy at Edinburgh University. At a 
Secondary School, however, it is better to take the materials one by one and 
to consider their properties, as this brings the work into more direct touch 
with the facts of the student's own observation. 

The following is a brief outline of a general science course arranged on these 
principles and based upon the author's own experience at a large Secondary 
School. The materials selected for consideration are chosen from amongst 
those substances most commonly met with in daily life, and are divided into 
three sections : (A) dealing with solids, (B) with water as the typical liquid, 
and (C) with air and coal gas as typical gases. These three sections are carried 
on simultaneously in parallel divisions, so that a class having three periods 
a week may, for example, be studying wood in one period, water in another 
and air in a third. Specimens of each material are passed round for identifica¬ 
tion and inspection, and discussion is invited on any facts about the substance 
that may be supplied by previous observation. Experiments are then made 
to demonstrate the various properties, and illustrations given to show how 
these are utilised in practice. 

Section A. Solids.— Wood is placed first in the list of solids on accoimt 
of its general interest and importance, and because it forms a link with the 
Botany and Nature Study already done in the Preliminary Course. Specimens 
of various kinds of wood are examined—oak, ash, elm, beech, walnut, pine, 
teak and mahogany—and experiments are made to exhibit their properties— 
density, elasticity, toughness and strength. Sections with and across the 
grain are shown, and the influence of the natural growth of the tree on its 
properties is discussed. Attention is then directed to the reasons why certain 
woods are used for special purposes, and to the properties that are required 
in wood that is to be used for making various things, such as hockey sticks, 
cricket bats, racquets, fishing rods, bows, planks, ladders, scaffolding, piles, 
joists, gates, boats, masts, oars, wheels, spokes, shafts, railway carriages, 
sleepers, wood paving, pulley blocks, and tool handles. 

Other organic substances are then examined:—Rubber, cork, ivory, amber, 
leather, catgut and experiments made (to illustrate their properties and uses, 
for example, the resilience of rubber, a^d its use in the rubber tyre, and the 
golf ball: the elasticity of ivory and its effect on the play of a billiard ball: 
the electrical properties of amber : the toughness of leather and its value for 
making belting: the tenacity of catgut and its use for violin strings where 
the note depends upon the tension and upon the density of the string. 
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The next group of substances considered comprises certain inorganic 
materials, such as quartz, corundum, asbestos and mica. Amongst the special 
facts observed are :—^The transparency and crystalline structure of quartz: 
the hardness of corundum and its use in emery grinding: the non-conductivity 
of asbestos and its use in fireproof sheeting: the cleavage of mica and its 
use as a non-conductor. 

Some preliminary ideas as to the nature of heat and its effect on solids 
are now introduced by experiments with paraffin wax. Observations are 
made, at ordinary temperatures, of its density, hardness and translucency, 
all of which are shown to be affected by the application of heat, the translucent 
solid becoming a transparent liquid with a remarkable decrease of density. 
The results of these experiments are compared with those obtained in the 
parallel course dealing with the properties of water, showing how its density 
decreases when changing into ice. 

The properties of glass, its composition, density, elasticity, transparency, 
brittleness, and smoothness now open up a wide field for discussion and 
experiment. Its hardness is compared with that of corundum and diamond, 
and the process of glass-cutting explained. Under the influence of heat it 
loses it brittleness and becomes ductile. , Its manufacture is described. Other 
artificial substances arc then taken up, such as vulcanite, celluloid and 
crystalate, the elastic properties of which are examined, the action of a 
cr3rstalatc billiard ball being compared with that of one made of ivory. 

Great importance is attached to the study of the metals, those selected for 
consideration being lead, copper, iron, aluminium,' nickel, zinc, tin, silver, 
gold, mercury and platinum. Specimens of these are procured, where possible, 
in the form of cylinders, rods, balls, wires and strips. The cylinders are 
used for finding relative density, the rods for finding elasticity, heat con¬ 
ductivity and expansion, the balls for specific heat and hardness—^by the 
method of rebound, the wires for finding the tenacity, ductility, electrical 
conductivity and melting point, and the strips for comparing toughness, hardness 
—by scratch method, lustre and colour, and for general inspection purposes. 
Malleability is studied by exarhining and comparing specimens of beaten 
leaf of gold, silver, aluminium, copper and tin. For comparing the melting 
points a rough scale of temperatures is arranged based upon the known 
temperatures of the luminous and non-luminous parts of the Bunsen flame, 
and of first visible red, dull red, cherry red, orange red and white heat: 
specimens of wire of each metal are tested in the flame and the position of 
the melting point approximately determined. The most notable properties 
of each metal are specially dealt with, such as the tenacity and magnetism 
of iron, the density and ductility of lead, the toughness and conductivity of 
copper, the lightness of aluminium, the conductivity and lustre of silver, 
the malleability of gold and mobility of mercury. Finally, to show how the 
properties of metals may be altered by mixture, the various alloys are con- 
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sidered, the copper-zinc, copper-tin and lead-tin alloys, the alloys of 
gold, silver and copper used in coinage, and, most important of all, the iron- 
carbon olloys. 

Section B. Liquids.— ^Watcr is selected as the typical liquid on account 
of its universal importance and general interest, and the study of its properties 
and uses is such a large subject that it is extended throughout the whole of 
the time devoted to the section, already described, dealing with solids. 
Experiments are first made on the chemical composition of water, the difference 
between hard and soft water, and the composition of sea water. The weight 
of water is then determined, and the density and buoyancy of fresh and sea 
water compared. This leads to experiments dealing with the floating of 
bodies lighter than water. The resistance that water offers to change of 
volume is illustrated by the hydraulic press. After dealing with the storage 
of water, and the pressure in tanks and reservoirs, water in motion is con¬ 
sidered, first in open conduits and then in closed pipes. This leads to the 
study of the pressure in pipes, its measurement by the Bourdon Gauge and 
other methods, the effect of friction, and how pressure is affected by flow. By 
way of illustration details are given of the supply of water to Liverpool, with 
description of the pipe line from the Vymwy Reservoir. The effect of heat 
on the properties of water are now taken up, and experiments made to show 
the change of density with temperature, the conditions under which ice is 
formed and the properties of ice, its density, smoothness, softness and trans¬ 
parency. Experiments are then made on the evaporation of water, and the 
formation of steam with consequent changes in volume and pressure. 

Section C. Gases. —^Thc substances selected for consideration in this 
section are air and coal gas. The study of air and its properties is begun 
at the commencement of the general course. The study of coal gas is begun 
later, when some preliminary ideas about heat will have been taught in other 
parts of the course. Experiments are made on the chemical composition of 
air, its weight and elasticity; on the pressure of air, the effect of heat on 
air, the transmission of sound waves through air, and the function of air 
in the process of combustion. The properties of air are illustrated by a 
description of various apparatus, such as the U tube pressure gauge, the 
mercury and the aneroid barometer, the air pump, the hot air engine, the 
air brake, the pneumatic despatch tube, the pneumatic tyre, the diving bell 
and the Kelvin sounder. The study of coal gas begins with its chemical 
composition and process of manufacture. The storage of gas, its pressure and 
transmission through pipes is considered, and the construction and use.^of 
the meter explained. The chemistry of the combustion of gas is then taken 
up, and experiments made to ascertain the amount of heat in a cubic foot, 
the results being compared with the heat obtained by the combustion of other 
substances, such as wood and coal. 
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A study of the properties and uses of materials, such as that outlined above, 
fulfils the first requirement of a General Science Course, that it should give to 
every student an acquaintance with scientific facts and principles which will 
be of value to him in after life. It will be of equal value to the student who 
intends to go on to the Advanced Science Course, for the facts with which he 
will then have to deal cannot be understood without a knowledge of the 
properties of matter. The phenomena of sound, for example, depend upon 
the vibrations of certain substances, and the elasticity of the substance is a 
vital factor in the theory of those vibrations : a knowledge of elasticity is, 
therefore, essential, and this should be acquired before the student enters 
the Advanced Course. To take another illustration. A knowledge of the 
properties of water is of value, not only from a practical point of view, but 
because deductions may be drawn from the analogy of water which will be 
of great assistance to the student when faced with difficult problems in other 
branches of science. The flow of an electric current in a wire, difference 
of potential, the action of condensers, and all questions relating to electrical 
work and energy, can be most easily explained by making use of the analogy 
of water pressure, flow, level, head, capacity and quantity. Thus the method 
of measuring water quantity in a Venturi meter by loss of pressure affords 
a most helpful analogy to the measuring of electrical current in an ammeter 
by fall of potential. 

One result of our system of presenting the student with a ** canonical 
version of science is that he is led to suppose that it contains the whole 
truth about the matter, and Is thus discouraged from making original investiga¬ 
tion. But if the subject is approached from the new standpoint, he finds 
it is not by any means so cut and dried as he thought; that there are many 
problems connected with it still awaiting solution; and his imagination is 
fired with the idea that it may be for him to solve them. Thus, he is taught 
that every metal has a definite melting point, and he concludes that this is 
a fact about which there is nothing further to be said. If, however, the 
subject is regarded from the point of view of the properties of materials, the 
questions at once occur to him: Is the .melting point a property of the metal ? 
If not, what property does it depend upon, and why does one metal melt at a 
higher temperature than another ? He then finds that if the metals are arranged 
in the order of their melting points, that order will be identical with the order 
of their volume elasticities, and that a metal with a high melting point is a 
metal with a high elasticity. He is now inspired with the idea of finding 
out why the melting point depends on the elasticity, and the result is that his 
mental outlook on the whole subject is profoundly altered. The heuristic 
spirit has been aroused : this is the real test of successful teaching : for this 
alone will encourage in our young people that enthusiasm for investigation 
which is such an, essential factor in their education, and enable them to retain 
the Vision which is the natural heritage of every child. 



Dec. 19, \92!t. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 109 


In conclusion, we have to consider by what means it is possible to bring 
about any change in the teaching of science. The position is somewhat 
peculiar. The Education Authorities will not dictate how science should 
be taught in our schools: they prefer to leave the matter in the hands of 
those who have to do the teaching. Any reform, therefore, must originate 
with the teachers themselves. Their attitude on the question has been 
indicated'by the President of the Science Masters* Association, who made 
it clear, in the address already quoted, that the members of that association 
are fully alive to the importance of considering new methods. The proposals 
outlined in this paper have been already brought before them, and before 
the Association of Women Science Teachers, and have been favourably 
received. The carrying out of these proposals, however, would mean great 
additional effort on the part of the teachers, and it is in the hope that public 
opinion will encourage and appreciate this effort that the author brings the 
subject forward on this occasion. 


DISCUSSION. 

The Chairman in opening the discussion, said it would be admitted by all who 
had heard the paper that I^ofessor Carus-Wilson had made some very valuable 
suggestions, well worthy of consideration by educational authorities and those 
taking interest in the subject, which were of the highest importance to the Empire. 
Science in this country had often been described as the Cinderella of education. 
Whilst that was all too true, there was no doubt that happily of late our views had 
been modified and widened. Whilst some might still question the value of a 
specialised training, all would agree that a proper foundation, such as Professor 
Carus-Wilson had spoken of, was necessary to every one. His own feeling was 
rather in the direction of general training after a certain age than specialising too 
much on the line of work which the individual intended to take when launching 
out into the world. As time went on, more and still more highly specialised education 
was found to be necessary ; hence the subject of the paper, which so ably described 
the best method of teaching science in secondary schools. Never having himself 
tried to train any one, it seemed rather anomalous that he should be in the Chair 
that evening, but in any case no one had tried harder than himself, so far as he had 
had opportunity or influence, to arou.se general interest in the teaching of science 
annmgst all classes with whom he had come into contact. His industrial life had 
commenced when he was about 17 years of age, and he had not had much time to 
acquire further knowledge by the ordinary methods of teaching. Fortunately, 
however, his father had wisely given him opportunities of becoming well grounded 
in the study of science, chiefly physics and chemistry. His ambition to know more 
about those branches of science had been fired by what then appeared to him, and 
still appeared, that very wonderful book. Pepper’s " Playbook of Science," which 
had had a remarkable effect on his mind. He w'as glad to learn that one of those 
present that evening. Professor Armstrong, whose knowledge on educational 
matters was very wide, had similar thoughts regarding this book. Moreover, 
Professor Armstrong had studied under Professor Pepper. Another very important 
book, also by an Englishman, and a Fellow of the Royal Society, the late Dr. G. 
Gore, entitled " The Art of Scientific Discovery," had also appealed to him. In it 
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he believed Professor Carus-Wilson would find much support for liis point of view, 
both directly and indirectly. That book, in his opinion, ought to be republished and 
distributed broadcast by the Government itself. He had once had the pleasure of 
lending a copy to the late Sir William Osier—quite a master on educational science. 
Time went on, and he wanted the book back. On applying to Sir William for it he 
had received a most peremptory letter to say he really could not part with the 
book, or, at any rate, could not he (the speaker) find another copy, which he did. 

In reading through the paper he had placed crosses against the points on which 
he agreed with the author, and those crosses were numerous. There were very few 
points on which he did not quite agree. It was rather a coincidence to him to find 
that :he paper opened with a reference to the Committee presided over by Sir J. J. 
Thomson to inquire into the position occupied by Natural Science in the educational 
system of Great Britain. A questionnaire had been sent to him by that Committee, 
and he had submitted sev eral lengthy statements in reply, which he was told after¬ 
wards had been found of some use. The head of one of the largest research labora¬ 
tories in America had recently said:—*‘Wc are patenting inventions at the rate of 
nearly 50.000 per annum, but very few Americans are advancing the sciences at all. 
This tends to show how much it is needed that steps should be taken to organise the 
teaching of pure and applied science, whether as regards physics, chemistry, electrical 
engineering or metallurgy, or any other branch.” With the aims and objects set 
fortli by the author that evening he had great sympathy. He had carefully thought 
over the suggested methods, and he agreed with the author that the reconsideration 
of the methods of science training demanded special attention. Whilst science did 
not do everything, still the time was fast approaching when those termed the masses 
of the country should receive some scientific training. It would be admitted by all 
that present methods were still somewhat cumbersome, and too slow. The sub¬ 
ject of the teaching of science in secondary schools had received considerable 
attention from the Society, the following papers having been read, viz.: 
” School Work in Relation to Business,” by Sir Joshua Fitch; and ” Literature 
and Science in Education,” by Mr. A. C. Benson. We had in this country 
tremendous competition to face in the near future ; we were in financial difficulties, 
yet there was one item of expenditure which ought not to be touched—and he was 
in hearty sympathy with the Labour Party in that respect—namely, tlie money 
spent on education. 

Professor H. E. Armstrong, ]^\R.S., referred to a picture in the current issue 
of Punch of a mother giving, he supposed, a Scripture lesson to her child, with 
the subscript: 

'•' What do you remember of Adam and Eve ’ ? 

' They were pufiickly happy until the servant came.* ** 

Men had been moderately happy—until Science came as the Steam-Nom. 
Industrialism then set in and we at once began to over-populate our country, to 
live mainly by eating coal and upon other peoples, teaching others the while to 
copy us. Science too had given man such control over nature, that he had been 
able to defy her in large part, so that 6he no longer kept him in order as she did 
in the good old days. Science was fart carrying us to perdition, he held, because 
the peoples were using up the raw materials of the world at an entirely unjustifiable 
rate, in thoughtless competition and the struggle to maintain if not increase their 
numbers. If we were to make any progress at all, to maintain ourselves even, the 
public generally must learn to understand the struggle in which we were engaged 
and the character of the weapon we were using so largely against ourselves, scarcely 



Dee , 19 . 199 k . JOURNAL OF THE RQYAL SOCIETY OF ARTS. 


HI 


at all in our service, outside medicine. The paper under discussion would not 
have been necessary if that lesson had been learnt, if we had made the spirit of 
science of public avail; it neither entered into politics nor into our system of 
government; only a few days ago, the Prime Minister had chosen to proclaim 
tliat liQ was not a “ theorist.” It was a confession of failure to bring forward, so 
late in the day, an academic scheme such as they had heard described, though the 
scheme itself was admirable. 

Though not quite a greenhorn—he began to teach in 1870 and to talk and write 
publicly in 1884-5—W3,s now a ” dry ”-hom, and had nothing new to say. In 
an address which he had given recently in the University of Birmingham (Chemistry 
and Industry. October 31st and November 7th, 1924), he was able to point out that, 
in 1880, when Huxley delivered the address at the opening of the Mason College, 
the forerunner of the I Iniversity and many of our technical schools, on which occasion 
he (the speaker) had been present, Huxley's theme was Science and Culture. 
not Science and Industry'. His contention was that science ought thereafter to 
play a large part in general education. Professor Armstrong said he had asked 
Birmingham to consider what had been done towards justifying Huxley. He had 
ventured to point out that noticing had been done by the* University to make 
science of avail to the general public, as a cultural subject. ” Science ” was taught 
merely as a qualification for a professional career ; Birmingham and other modern 
Universities had failed to teach it from any general point of view, to all and sundry. 
Their students were all in search of professional qualifications. The attempt 
made to teach what we were pleased to call science was a failure in practically 
all schools, because the method of science was not taught. The public stood in 
need of the .spirit, not of the material side, of science. The scientific men of to-day 
were but an excrescence upon society, freaks for the most part; they did not 
represent, in any way, the character or general average of intelligence. The 
problem was a much greater one than that of the mere irtroduction of a new course. 
University teachers were but professional teachers and tlie vicious circle in which 
they were held must somehow be broken—the vicious teacher displaced. Until 
the Universities were rationalised, little could be done in the schools; there was 
little chance of success, as the teachers came from the universities and were 
controlled by their examinations. 

He (Professor Armstrong) long ago came to the conclusion that the attempt 
must be made to teach the method and simple elements of science in all its branches. 
not any specific section, in a general course. He had ventilated the subject and 
there was considerable discussion ; ultimately, a Committee was appointed by the 
University of London to go into the matter and, after much deliberation, the 
Committee drew up a general syllabus. He recollected meeting Prof^or Sylvanus 
Thompson, and asking him what the scheme was. The reply came: “Armstrong 
and water.” An attempt was made to put the scheme into operation, and one of 
the main operators was Professor Ramsay, than whom a worse man could not have 
been chosen, as he had no sympathy whatever with the biological side. After a 
few years, the attempt lapsed. Latterly, the Science Masters* Association had 
been talking about ” Science for All,” but it was beyond them ; there was not a 
man available to cope with such a task and it could only be undertaken when a 
general course was g^ven at tlie Universities which would qualify teachers to give 
such teaching. Oxford and Cambridge were but technical schools for Honours 
men; a large number went there who were not Honours students, and these only 
received social training. No attempt was made to cater for such men in ** science ” 
—to put the ** Spirit of Science ” into them; not even a simple broad course of 
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lectures on Evolution or any subject of that kind was given. The universities 
must be led to recognise that they had a public as well as a professional duty; 
also the “ curse of examinations ” must be got rid of. Under the present examina¬ 
tion system, there was neither freedom of teaching nor freedom of learning; the 
system was a wicked one. The profession of teacliing ought to be regarded as the 
highest of all professions, but it was not so in England. In Geimany, in the old 
days, every one took off his hat to the teacher; his students had always made a 
point of keeping their hats on when they met him. The teacher should be put on a 
level with other professional men. The patients of the medical man and of the 
dentist, the clients of the lawyer, were not examined. The lawyer and the medical 
man were given their " qualification and then they were supposed to be honest 
mer. and to do their work up to the level of their proficiency. The teaching profession 
received no consideration whatever from the public; it was constantly examined 
and worried, directly through inspectors and indirectly through the children. 
Then, behind the system, there was the desire of Headmasters for advertisement. 
Outside examinations must be got rid of, in order to give freedom to the teacher and 
freedom to the children, to break down a system ever becoming more Procrustean 
and mind-limiting as knowledge grew. Particularly was this the case in the 
Universities. The college entrance examinations set at the universities wer.e of 
the “ tallest *’ possible kind, hopelessly artificial and academic; these made 
rational teaching impossible in schools. All the subjects in school should be 
interlocked, he thought. He looked forward to a time when the “ geography " 
master would be the master of Method. He would call the tune, and subjects 
would be taken in the most haphazard way, at his direction, to meet tlie opportunities 
of the moment and the immediate requirements of each particular class of pupil. 
If we thought of ‘‘ Geography ” in terms of our own language, not of (ireek, we 
might attach a rational meaning to the word, such as was conveyed iu the simple 
German terms— Etd-Kimde and Erd-Lehre, Earth-lore. What men wanted was 
as much earth-lore as possible; as much understanding as possible of the world 
in which they live. No understanding of the world in which wc live was acquired 
under the present school system ; the vain attempt was made to teach the high¬ 
falutin tricks of the researchers in science; that was mainly laboratory slang 
not earth-lore. 


Mr. Walter C. Hancock said that as a nation we were probably one of the 
most unscientific at the present time, although it was not too much to say that 
the first great advances in science had been achieved by Englishmen. As one who 
had been engaged for some years in consulting practice in London, he found that one 
of the difficulties the consultant was up against was that the average person attached 
to iiidustrial works was most profoundly ignorant of the simplest fundamental 
principles of science. A great part of the reports which consultants had to make 
was taken up with explaining a few simple, obvious facts which ought to be common 
knowledge to any one who had had anything approaching to a liberal education. 
So far as teaching was concerned he could speak with comparatively little experience. 
He thought the great object of the teacher, as Mr. Carus-Wilson had said, ought to 
be to inspire the heuristic spirit in his pupils. He had to deal with a g^ many 
students of B.Sc. standard or its equivalent, and when they came to him with 
difificulflii ^ glways encouraged them to devise some experiment which would enable 
them tQ |||^ the solution. Although it had always seemed to him impossible to 
expect the average student in an ordinary course to discover independently for 
hiq^iielf the fundamental principles of science, since the fundamental laws known 



Dec. 19.192^. JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


113 


to-day had been evolved by the patient work of some of the ablest intellects the 
world had produced, yet it should be possible to indicate to a student the way in 
which he could attack a problem experimentally. He had noticed that Professor 
Carus-Wilson in his summary had made practically no reference whatever to the 
biological sciences, but that was probably provided for in the paper. He agreed that 
examinations were a great hindrance to freedom, and that we ought to get back to the 
days of 1880 to which Professor Armstrong had referred, and remember that science 
could be of cultural influence in education. 

Mr. J. C. Bentley said that perhaps his only right to interpolate a remark in the 
discussion was that he happened to be one of those fortunate young men who were 
trained in their early days by Professor Armstrong, and that there was one state¬ 
ment which tlie Professor had made that evening which was totally and absolutely 
inaccurate. l^rofessor Armstrong .said that no one had ever taken off his hat to 
him as a teacher. He wished to assure him that on many, many occasions when he 
had been considering what particular line he should take in dealing with a particular 
educational problem he had indeed often mentally taken off hLs hat to his old teacher. 
The problem of science teaching in the schools was a very difficult one, for two 
reasons. It was difiicult on account of the two conflicting ideals of science education. 
There was the ideal of establishing in the pupil's mind the heuristic spirit, which 
took a good deal of time and a lot of elaborate experiments. .V great headmaster 
had once said (and he cordially agreed with him): “ I do not care whether my boys 
when they leave have learnt anything ; w'hat I do want to know is whether they have 
learnt how to find out things.” There was also the other point of view raised by a 
previous speaker, that lie found a great many men who left school in ignorance of a 
great many scientific facts. If one had to give the boys a great amount of scientific 
information it meant that one had to take away from the hours spent on experi¬ 
mental reseeirch ; and therefore it was necessary to have clearly in mind the object 
to be aimed at whether that object was to give the boys a wide range of scientific 
knowledge, or to concentrate on the ideal of gVing them the heuristic .spirit. His 
(iwn feeling was strongly that one cJiild not better for any boy, whatever line of 
life he might take up, than by giving him the heuristic spirit. In that connexion 
there was another great difficulty—that one must have, as a'teacher, a man, who 
had been trained, anyhow to .some extent, i 1 scientific research. In the schools 
at the present time one might get an honours man who had taken up mathematics, 
applied and pure, with physics (say) as an extra subject, and when he came to the 
school he had probably done the minimum amount of experimental work, and 
was appointed science master of the school. He knew the little physics he had 
had to acquire for his degree examination ; he had probably done no chemistry 
whatever except what he had had to do for his intermediate examination, and 
yet he was put on to take boys in scientific training. He wished to submit that 
until the teachers in the schools were men wlio had been trained in research methods 
it was useless to expect them to be capable of imparting the research spirit to their 
pupils. 

Professor Carus-Wilson said he would like to touch upon a point raisetl by 
Professor Armstrong with regard to examinations—namely, that until we got 
rid of the examination system imposed upon the schools by the universities we 
should never really make any progress. He thought that was rather a 4)essimistic 
view. His contention was that if a boy had been taught on the lines suggested, 
he could after that spend his final two years at school on his matriculation work. 
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And do well in his science examination. The school course might l)e divided into 
three sections—preliminary, general, and advanced; the advanced work during 
the last two years being specially for the boys who were going to take examinations, 
and the preliminary and general for everybody. The preliminary work would 
include the biological work to which allusion had been made by one of the speakers, 
and the general course would be occupied with tlie subject he had attempted to set 
out in his paper. He contended that any secondary school was quite free to do what 
it liked with the general course stretching over three years of the school course. 
The boys who were going to take the science examination would then go on to 
the advanced course, and they could easily get through that in two years if they 
had a thorough grounding beforehand. Secondary schools were not so bound by 
examinations as was generally thought. At present the work imposed on all the 
boys in the general course was on examination lines. In his view that was entirely 
unnecessary. It was open to any secondary school, if it chose, to set before them 
the question of how best to spend the middle three years of the school science 
course. That question could be answered in the way he had indicated without 
imperilling the chances of success of the clever boys at the universities. Secondary 
school teachers got it into their heads that the university examination system 
must control the whole of the science course; but he contended that was not so. 
The scheme he had described would enable teachers to give the mass of the boys 
what was wanted, and at the same time prepare the advanced boys for going 
on to take their strictly examination work in their last two years. With regard 
to Mr. Bentley's remarks about the heuristic method, there was nothing that gave 
a teacher so great pleasure as the feeling that he was inspiring in his pupils the idea 
of “ finding out ” ; but he did not think it was necessary, in order to do that, to 
go through a very elaborate process of investigation. To his mind the important 
point was the spirit that one inspired. The suggestion that he had made, for 
instance, with regard to elasticity and the melting-point, did not involve a long 
investigation, but was the result of so dealing with the properties of matter, as 
to give a new outlook on the great question of heat. During the war he had an 
experience which gave him great pleasure. He was teaching a class of boys on 
one occasion, and a little chap had come to him with an envelope full of something. 
He asked what the packet contained. The boy replied that it was cosmic dust. 

Cosmic dust ? " he liad asked. “ Where did you get that from ? ” The boy 
explained that the previous Sunday he had been on the top of Barnet church 
tower, and had scraped the dust from the roof. He asked the boy how he knew 
it was cosmic dust ? The boy replied, because it was magnetic. He had not 
told them anything about cosmic dust, but this boy's mind had been working on 
the lines suggested by the lessons. That was the sort of spirit that ought to be 
aroused; ^at was the true heuristic spirit. He profoundly agreed with Mr. 
Bentley in all he had said. If teachers could, somehow or other, get that spirit 
into a boy's mind they would have done more for him than they could do in any 
other way. 

On the motion of the Chairman a vote of thanks to .the author was carried 
unanimously. 


OBITUARY. 

The Right Hon. Sir William Grey Ellison-Macartney, K.C.M.G. —Sir 
WiUiain .Ellison-Macartney, who was elected a Life-Fellow of the Royal Society 
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of Arts in 1922, died at his residence in Chelsea, on December 4th, at tlie age of 
72. 

Bom in Dublin in 1852, he was educated at Eton and Exeter College, Oxford,, 
where he obtained a first-class in the school of Modem History. He was called 
to the Bar by the Inner Temple in 1878. and went the South-eastern circuit. In 
1885 he was returned as Conservative member for South Antrim, a constituency 
which he represented for eighteen years. In 1895 he became Parliamentary 
Secretary to the Admiralty, and held that office till 1900, when he was sworn oi 
the Privy Council. In 1903 he was appointed Deputy Master of the Mint and 
Engraver of His Majesty's Seals. 

In 1912 he was sent out to Tasmania as Governor, being created K.C.M.G., and 
four years later he was transferred to Western Australia. On his return to London 
in 1920, he devoted himself to educational activities, becoming Chairman of the 
Governors of the People's Palace, Mile End Road, and a member of the Council 
of the East London College, University of London. He presided at a meeting of 
the Dominions and Colonies Section of the Society on December 7th, 1920, when 
Mr. A. H. Ashbolt, then and until recently Agent-General for Tasmania, read a 
paper on Industrial Developments in Australia during and after the War." 


NOTES ON BOOKS. 


Modern Masters of Etching. Frank Brangwyn, R.A. With an introduction 
by Malcolm C. Salaman. London: The Studio Limited. 5$. net. 

The publishers of this volume are to be warmly congratulated on their latest 
venture—a series of monographs on the modem masters of etching. Tlie book 
under notice is the first of the series, and if the remaining volumes are in any 
way comparable to it, the publishers will have deserved well of their country. 
Each monograph will be in the form of a bound quarto; it will contain a critical 
appreciation of the etcher’s work from an authoritative writer, and will be 
illustrated by photogravure reproductions of twelve of the finest plates of the 
master. 

When we consider the price at which this monograph is sold, we can hardly 
find words strong enough to convey our admiration for the reproductions. The 
first is " The Storm," which, in addition to its artistic excellence, is further notable 
because it came like a bolt from the blue, and immediately established the claim 
of Brangwyn, hitherto known as a painter of genius, as a master etcher. An 
interesting account is given by Mr. Salaman of the almost accidental way in which 
this plate came to be developed from a comparatively commonplace etching to a- 
masterpiece. 

All the other works reproduced here are well-known to every admirer of 
Brangwyn, and we fancy that no one will quarrel with the selection made by the* 
editor. It is a great joy to have within the same cover admirable reproductions 
of " Breaking up the ‘ Duncan *," " St. Peter's of the Exchange, Genoa," those 
two wonderful pieces The Alcantara Bridge, Toledo," and " The Ponte RottO, 
Rome," and that admirable study of scaffolding, which Brangwyn made when 
the Victoria and Albert Museum was being erected. Nor do we regret the inclusion 
of " Cannon Street Station." If every one could see the blots on the face of the 
earth with the eyes of a BrangW3m, what a beautiful place this world would be I 
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TRUSTS AND CARTELS IN GERMANY. 

The movement towards combination, already marked in Germany before the 
war, and stimulated to a great degree by post-war difficulties, has continued, though 
in a mollified form. The creation of large trusts, which was so prominent a feature 
of the last few years, appears to have ceased, at any rate temporarily, writes the 
Commercial Secretary to His Majesty's Embassy at Berlin in his recent annual 
Report, and has been succeeded by the less obtrusive alliances which are effected 
by the exchange of shares. It would be difficult to find a company of even moderate 
size in Germany which is not interested in this way in at least half-a-dozen others, 
with the result that the true distribution of interests is obscured to an extent 
which is baffling to the uninitiated. As distinct from the trust, those bodies known 
as unions, associations, or cartels, which regulate business conditions, prices, &c., 
for a number of firms or whole branches of industry, have lost both in popularity 
and in power owing partly to legislation which has been passed against them, and 
partly to the desire of the individual person or company to have greater freedom 
of action in times of difficulty. This is particularly evident in the Ruhr, where the 
coal, ammonia, tar and benzol syndicates have survived in a very loose form only. 


THE HUMANE SLAUGHTER OP ANIMALS. 

Giving the Third Benjamin Ward Richardson Memorial Lecture, under the 
auspices of the Model Abattoir Society, Dr. Chalmers Mitcliell, F.R.S., Secretary of 
the Zoological Society of London, said that at the Zoological Gardens tliey had to 
provide meat for carnivorous and omnivorous mammals and birds. The animals 
chielly used for this supply were horses and goats, and tliesc were killed in a modern, 
hygienic abattoir. The rifle was used, and although on an average three horses 
were required in two days, he knew in the last twenty years of only two cases where 
a second shot had been required. They had tried humane killers," but, at least 
for horses, had found no advantage in their use. He was quite certain that all 
metliods of electrocution known at present required too elaborate a preparation, 
upsetting to the animals and dangerous to the staff, to be recommended. He had 
come to the conclusion that there was little or nothing to choose between the rifle and 
the humane killer, the pole-axc or the knife, skilfully used under proper conditions, 
as the instruments of actual death. 

But there were many opportunities for carelessness, ignorance or inhumanity to 
inflict unnecessary suffering in the preliminaries to the final act. In his opinion 
these opportunities were least in the case of the rifle, relatively small with the 
humane killer, definite and probably nearly equal in the case of the pole-axe and the 
knife. If they were to be reduced to the absolute minimum, this could be done 
only in a large public abattoir with expert supervision. 

In his opinion and experience animals had no presentiment of death, and to 
their consciousness even the fresli blood and warm offal of their fellows conveyed 
no message of fear. But they were readily thrown into panic by being driven into 
unfamiliar places and touched in unfamiliar ways by unfamiliar hands. He urged 
that every abattoir should have attached to it stables or byres of a kind to which 
they were accustomed, and that they should be kept in these for at least some hours 
before being slaughtered and be tended and finally led out by men familiar with the 
handling of living animals. There would then be the least chance of panic and, 
therefore, of accident in submitting them to the weapon employed. 
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ECONOMIC CONDITIONS IN FRANCE. 

In bis recent annual report dealing with economic conditions in France, the 
Commercial Counsellor to H.M. Embassj^ in Paris writes that the brilliant economic 
revival that ensued in the early montlis of 1922 has as yet suffered no eclipse. The 
entire population of France has continued in full employment, and her production 
has been consistently retarded by the dearth of labour. 

The reconstruction of the devastated areas has been vastly accelerated, and for 
all practical purposes of mere industrial output it may be said to be terminated. 
The damaged os destroyed mines, which yielded fifteen hundred tons in January, 
1919, yielded last May over 1,260,000 ions, and the total coal output of the area 
will soon exceed the pre-war figure. Not only have their general plant, coal-getting 
eejuipment, and power stations been immensely improved, but the efficiency of 
the industry has made immense strides by the increased or new provision for the 
output of all manner of by-products. In particular, a vital deficiency in the French 
raw-material production—her under-production of coke—has, under the spur of 
the cutting off of the Ruhr supplies, been so far repaired that France now produces 
at the rate of five million tons a year, or nearly two million more than in 1913. 
Her ore-mining industry has recovered ; her potash industry has got into its stride 
and is increasing its export to markets formerly possessed by Germany. The woollen, 
cotton, linen, and jute industries in these areas, all of which were severe sufferers 
in the war, have finished the re-equipment of their works, and have been producing 
to the full extent of their labour supply. The metallurgical, engineering, chemical, 
and miscellaneous industries of the same areas have likewise completed their 
reconstruction, and have been unusually active, especially since all misgivings 
relative to the coke, and therefore to the steel supply, were dissipated. Agriculture 
has made slower progress, partly owing to the still acutcr shortage of labour ; but the 
chief crops—wheat and sugar-beet -are regaining their former productivity, and 
a certain progress is observable in providing the country with live stock. 

Outside these areas the great trades have been, and are, equally prosperous. 
The Lyons silk trade, the lace trade at Calais and Caiidry, the artificial silk trade, 
the Troyes hosiery trade, tlie Paris fancy article and luxury goods trades, the motor- 
vehicle industry in several centres, the watch trade at Besan^on, the heavy chemical 
trades at Paris, Lyons, and elsewhere, the dye.stuffs industry at Lille, Paris and 
elsewhere, the ijorcelain trade at Limoges, the bauxite production in the Var—these 
and the other great export trades all tell the same tale. 

The prosperity of the countr^^ is amply attested by the constant stream of 
immigrant workers. For the last year the weekly arrival of about six thousand 
workers has been duly recorded ; the actual number has probably been much greater 
as coal miners and agricultural labourers, the two classes in greatest demand, 
may enter the country without having to pass through the official records. These 
immigrants are mainly of Italian, Polish, Belgian and Spanish nationality, but 
the most diverse nations are represented. 

Apart from the prosperous d^'^namic state of the French economy, it may be also 
noted that it has increased in a permanent fashion its industrial capacity, which is 
now far superior, from the material and technical standpoints, to that of 1914. 
The natural resources have been increased by the acquisition of Alsatian ores, 
potash, and oil. Manufacturing power has been increased by the acquisition of 
highly developed and varied textile and engineering industries in Alsace, but far 
more through two main currents of expansion—namely, the wholesale reconstruc¬ 
tion of nearly the entire range of textile industries, of coal and iron mines, metal¬ 
lurgical and engineering works, glass and chemical works, and so forth in the devas¬ 
tated areas, and the movement of transplantation of industry' from these regions 
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initialed during the war, which led to the employment of old or the establishment of 
new factories in the Lyons, (irenoble, J^ordeaux, Kouen, and other localities through¬ 
out France. Moreover, as in certain other countries, employers tended to devote 
a considerable portion of war profits to the extension and improvement of works. 
As a consequence, Frencli manufacturing industry as a wliole has modernised and 
newly etjuipped its undertakings on a large scale. 

As regards the consolidation of the great industries and the consequent better 
preparation for international competition the movement has made further progress. 
Several of the great metallurgical concerns which have increased fiieir capital by 
large amounts have further extended their influence, whether in France, Holland, 
Poland, Czecho-Slovakia, Roumania, or Austria. 'I'he chemical industries witnessed 
a highiy important amalgamation of their principal dyestuffs concern with one of 
the two dominating concerns in the heavy chemicals trade. The textile industry 
continued its rather slow tendency tt>wards the emancipation of its undertakings 
from being family concerns into larger-scale company undertakings. The few 
leading electrical concerns furtlier strengthened their domination and their manu¬ 
facturing and distributing connexions. The shipping industry likewise witnessed 
further amalgamations. 

The systematic development of the ports (including fishing ports), waterways, 
roads, not to forget water-yiower, was hampered through lack of funds. The great 
Rhine scheme, with its three-fold object of obtaining electric power, of making 
the Rhine navigable up to the Swiss frontier, and of irrigating the land, has not yet 
been put into operation ; but the remarkable Marseilles-Rhone scheme, with its 
vast tunnel connecting the Mediterranean with the Etang de Jferre and destined to 
provide a landlocked outer harbour for the heavier goods traflic of Marseilles, 
is being pushed forward steadily. 1'hc fishing port of Lorient is also nearing com¬ 
pletion. The electTification of tlie railways is being actively pursued by two main 
systems, the Paris-Orleans and the Midi, as well as in the neighbourhood of Paris 
for surburban traffic ; the Midi has made the greatest progress in this direction, so 
that within two years the long stretches from Toulouse to Biarritz and from 
Bordeaux to Hendaye will be terminated. 

French foreign trade has been extremely active. It had already in 1922 surpassed 
its pre-war figures as regards weight. In the first six months of 1024 its exports 
exceeded those of the same period in 1923 by 2.3 million tons, the excess of manu¬ 
factured products in that total having been 374,000 tons; for the same period im¬ 
ports were in excess by 2.5 million tons, entirely due to the imports of raw materials, 
manufactured products being less by 10,700 tons. Trade with Great Britain has 
made advance in raw material (France bought in 1023 18.^ million tons of coal, 
coke and patent fuel, to the value of 2.2 milliards), but the imports of manufactured 
goods, such as textiles, special steels, etc., have been less. The question of the 
exchanges has continued to play a decisive part in Anglo-h'rench trade. 

Determined efforts have been made to deal with the serious condition of the public 
finances. Under the fiscal reform measures of last March provision is made for 
taxation which will yield about six milliards more revenue, retrenchment in the 
administrative services is estimated to produce a further milliard, and the borrowing 
powers of the State arc reduced. The new taxation introduced in 1920 and having 
as its object to produce 8 milliards additional revenue, had already borne fruit, 
especially as regards the yield of income tax and other direct taxation. As a conse¬ 
quence of the two principal measures taken since 1914 to restore order in her finances, 
France will now bfe raising by taxation six times the revenue of 1914 and three times 
that of 1919. 
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NOTICES. 

-♦ — 

OPEN COMPETITION OP INDUSTRIAL DESIGNS. 

The second annual Open Competition of Industrial Designs will be held 
in June next at the Victoria and Albert Museum, and full particulars can 
now be obtained on application to the Secretary of the Royal Society of Arts. 

Competitions will be held in the following sections :—Architectural Decora¬ 
tion, Textiles, Furniture, Book Production, I\)ttery and Glass, and Mis¬ 
cellaneous, In addition to a large number of money prizes. Travelling 
Scholarships are offered in the Sections of Architectural Decoration and 
Textiles. 

Under the head of Miscellaneous, several prizes of ^^50 each are offered by 
various firms for posters; a prize of ^^25 is offered for a design suitable for 
the cover of a Christmas numlxT of the Graphic ; prizes of £25 and £10 arc 
offered for chocolate box designs ; and a prize of £2$ for a design for a Christmas 
Gift Box. 

It is intended to confer th(i Society’s Diploma on any candidate whose 
work reaches a very high standard of artistic ability and also shows practical 
knowledge of the materials and processes of his trade. 

After the work has been judged a number of selected designs will be exhibited 
at the Victoria and Albert Museum, and subsequently at suitable centres in 
the provinces. In this way they will be brought immediately to the notice 
of those manufacturers who are likely to be specially interested in them. 

The Council hop^ to place the Scheme on a permanent basis and to offer 
annually travelling scholarships and prizes. In order to secure this object 
a very substantial capital sum will be required. They therefore appeal to 
all those who not only are interested in the artistic industries of the country, 
but are concerned for the general improvement of British trade to assist them 
in promoting the Scheme. Contributions to the Fund should be addressed 
to the Secretary, Royal Society of Arts, John Street, Adelphi, W.C. 2. 
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DR. MANN JUVENILE LECTURES. 

Under the Dr. Mann Trust a short course of lectures adapted to a juvenile 
audience will be delivered on Wednesday afternoons, 7th and 14th January, 
1925, at 3 p.m., by LiEUT.-Colonel E. H. Richardson, on “ Dogs in War 
and “ Dogs in Peace.** The lectures will be fully illustrated with lantern 
slides, and by the dogs themselves. 

Special tickets are required for this set of lectures. A sufficient number 
to fill the room will be issued to Fellows in the order in which applications 
are received, and the issue will then be discontinued. Subject to these 
conditions, each Fellow is entitled to tickets admitting two children and 
one adult. Fellows who desire tickets are requested to apply to the Secretary 
at once. 

Tea and coffee will be served in the Library after the lectures. 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on " Colloid Chemistry ** by Eric K. Rideal, M.B.E., 
M.A., Ph.D., D.Sc., F.LC., have been reprinted from the Journal, and the 
pamphlet (price is. ()d.) can be obtained from the Secretary, Royal Society 
of Arts, John Street, Adelphi, W.C. 2. 

A full list of the lectures which have been published separately and are 
still on sale can also be obtained on application. 


LIST OF FELLOWS. 

The new edition of the List of Fellows of the Society is now ready, and 
copies can be obtained on application to the Secretary. 


PROCEEDINGS OF THE SOCIETY. 

INAUGURAL ADDRESS OF THE 171ST SESSION. 
Thursday, December iith, 1924. 

Senatore Guglielmo Marconi, G.C.V.O., LL.D., D.Sc., Chairman of the 

Council, in the Chair. 

The Chairman presented the medals for papers and lectures given during 
the last session, and the Swiney Prize, as follows:— 

Ordinary Meetings — 

Sir Frank Baines, C. V.O., C.B.E., Director of Works, H.M. Office of Works, 
“ The Preservation of Ancient Monuments and Historic Buildings.** 

Sir Richard Arthur Surtees Paget, Bt., “ The History, Development 
and Commercial Uses of Fused Silica.** 
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Major-General Sir Fabian Ware, K.C.V.O., K.B.E., C.B., C.M.G., 
Vice-Chairman Imperial War (iraves Commission, “ Building and Decoration 
of the War Cemeteries.” 

Frank Hope-Jones, M.I.E.E., Vice-Chairman, British Horological Institute, 
“ The Free Pendulum.” 

Brig.-General Sir Henry P. Maybury, K.C.M.G., C.B., Director-General 
of Roads, Ministry of Transport, ” The Victoria Dock District and its Roads.” 

T. Thorne Baker, ” Photography in Industry, Science and Medicine.” 

Mrs. Arthur McGrath (Rosita Forbes), ” The Position of the Arabs in 
Art and Literature.” 

Sir William J. Pope, K.B.E., D.Sc., F.R.S., Professor of Chemistry in 
the University of Cambridge, ” The Outlook in Chemistry.” Trueman 
Wood Lecture. ' 

Indian Section — 

Brigadier-General H. A. Young, C.I.E., C.B.E., late R.A., Director of 
Ordnance Factories, India, 1917-21, ” The Indian Ordnance Factories and 
Indian Industries.” 

Sir Richard M. Dane, K.C.I.E., Commissioner, North India Salt Revenue, 
1898-1907 ; Foreign Chief Inspector, Salt Revenue China, 1913-18, ” Manu 
facture of Salt in India.” 

William Foster, C.I.E., Historiographer, India Office, “The Archives 
of the Honourable East India Company.” (Sir George Birdwood Memorial 
Lecture.) 

Dominions and Colonies Section — - 

C. Gilbert Cullis, D.Sc., M.I.M.M., Professor of Economic Mineralogy, 
Imperial College of Science and Technology, “ A Sketch of the Geology and 
Mineral Resources of Cyprus.” 

The Right Hon. Sir Frederick Lugard, G.C.M.G., C.B., D.S.O., D.C.L., 
LL.D., British Member, Permanent Mandates Commission, League of Nations, 
” The Mandate System and the British Mandates.” 

The Swiney Prize, consisting of a silver cup of the value of £100, and money 
to the same amount, was presented to Professor Sir Paul Vinogradoff, F.B.A., 
for his work, “ Outlines of Historical Jurisprudence.” 

The Chairman then delivered the following address :— 

RADIO COMMUNICATIONS. 

By Senatore Guglielmo Marconi, G.C.V.O., LL.D., D.Sc., Chairman of 

the Council. 

When a few months ago I was honoured by the invitation to become 
Chairman of the Council of the Royal Society of Arts, and was asked to deliver 
the Inaugural Address for the present session, I decided that the best thing 
I could do, within the limits of such an address, would be to confine mj^elf 
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to the subject with which I am best acquainted and to give you some short 
account of the latest and most important developments of Radio Communication. 

This is a subject that has become so vast and so complex that you will 
readily understand my difficulty in deciding as to where I ought to begin and 
as to when I ought to stop. 

So much is now generally known of the great strides which have lately been 
made in the practical applications of Radiotelcgraphy and Radiotelephony, 
that it would be quite useless for me to descant at any length on many of 
its past achievements. 

I therefore propose merely to deal with some of the difficulties which this 
new art has still to contend with, pointing out that, in my belief, the whole 
theory and practice of long distance wireless communication is just now 
undergoing a most important and somewhat radical change, and this, to 
my mind, only goes to prove that it is dependent upon phenomena in regard 
to which our understanding, to say the least, has been to a very large degree 
incomplete. 

The subject is certainly fascinating for very many reasons, but also, perhaps, 
because electric waves are so far the only force which can be produced and 
controlled by man capable of being transmitted and detected over very great 
distances without the aid of any artificial conductor. 

Neither the strongest conceivable light, nor the greatest fog horn, hooter, 
syren or loud speaker imaginable, or the explosion of all the explosives in 
Woolwich Arsenal, could possibly be seen or heard in America or Australia. 

How is it that wireless waves will travel so far ? 

Many theories have been evolved to explain why it is that electric waves 
can reach these distant places and as to how they can bend right round the 
globe so as to be received with ease even at the Antipodes instead of shooting 
off into space. 

A few years after my first experiments of Radio Transmission across the 
Atlantic Ocean, the late Lord Rayleigh stated in a paper read before the 
Ro}ral Society in 1903, that the results I had obtained showed that the 
refraction or bending of the waves along the curvature of the earth was very 
much greater than what could have been expected by calculation. 

The hypothesis which is now most generally accepted is that the waves 
are reflected by what is called the Heaviside Layer, which is supposed to be 
a conducting layer of rarified and ionized gases, constituting a kind of shell 
concentric to the surface of the earth, and capable of reflecting electric waves. 
This would go to constitute electrically a kind of curved ceiling, at a certain 
distance above the earth, capable of reflecting electric waves and resulting 
in these finding themselves enclosed between two concentric surfaces, from 
which they cannot escape. 

Another theory, enunciated by Professor J. A. Fleming, is that the waves 
are n|^ected by a more or less sharply defined conducting upper layer of the 
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atmosphere containing highly ionized dust flung off by light pressure from 
the sun. 

A further explanation was suggested by Dr. W. H. Eccles in 1912. He 
referred to mathematical calculations which showed that an ionized rarified 
atmosphere is capable of increasing the speed of electric waves, so that if 
the ionization increases from the ground upwards, the top of the wave should 
travel faster than the foot and, in due course, should actually lean forward, 
thereby following the curvature of the earth. 

These theories and hypotheses, together with others which I have not 
referred to, have never satisfactorily explained to my mind why waves of 
a certain length will cover great distances by daylight, whilst others will 
only cover similar ranges at night time. 

During the course of tests carried out by me, between the wireless station 
at Poldhu in Cornwall and a ship in the North Atlantic as long ago as February, 
1902, I then noticed for the first time the effect of daylight on the propagation 
of electric waves of about 2,000 metres in length over long distances.''* 

Although during night time I was able to receive signals up to a distance of 
2,000 miles, during the day I failed to get them at 700 miles. 

I subsequently di.scovered that longer electric waves, of the order of 10,000 
metres or more, would on the average work as well by day as by night between 
lingland and America and other distant places, and up to now I believe that 
it has been universally accepted that short waves, whilst often giving 
extraordinarily long ranges by night, are incapable of being made to cover 
long distances during daylight. 

As a matter of fact, for a period of about eight years from 1901, the Marconi 
Company had installed on a considerable number of ships a system of spark 
transmitters utilising waves of only 120 metres in length, which was commonly 
referred to as “ Tune A.” This system, although only utilising a very small 
amount of energy, was capable of regularly communicating over a distance 
of about one hundred miles during daytime, but at night the range often 
exceeded 1,000 miles, although a comparatively insensitive tape receiver was 
employed. One of the advantages of this system was its comparative freedom 
from atmospheric disturbances. 

On the 2nd of July of this year I had the honour to read a paper before 
this Society on “ Results obtained over Long Distances by Short Wave 
Directional Wireless Telegraphy,” more generally referred to as ” The Beam 
System.” 

In this paper I described the results obtained during many years of S5^tematic 
research carried out by myself and by engineers of the Marconi Company with 
the object of evolving a practical directive system of Radio Communication. 

I have always attached considerable importance to the solving of this 
problem, and I might recall the fact that during my earliest experiments 

* Proceedings of the Royal Society (volume 70, 1902, page 344), ” Effect of Daylight 

on the Propagation of Electro Magnetic Impulses over long distances." G. Marconi. 
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carried out in England over 28 years ago, I was able to show to the late Sir 
William Precce, then Engineer-in-Chief of the Post Office, the transmission 
and reception of intelligible signals dver a distance of 1-3/4 niiles by means 
of an elementary beam system emiAd5dng very short waves and reflectors, 
whilst, curiously enough, by means of the antenna or elevated wire S5^tem, 
utilising much longer waves, I could only at that time get results over a distance 
of half-a-mile. 

The progress subsequently made with the non-dircctional long wave S5^tcm 
was, however, so rapid and the results so immediately applicable to practical 
purposes, that it very soon became,'and still remains, what might be called 
the standard system. 

I feel that it is regrettable that the study of short waves was neglected 
for a long period of years, for these waves which, so far, are the only ones 
that can be confined to narrow beams, are also capable of being employed 
to give practical results unobtainable by the lower frequency system which 
up to now has held the field for long distance communication. 

The results obtained during my first experiments with directed waves were 
described by the late Sir William Precce in September, 1896, at the meeting 
of the British Association for the Advancement of Science and in a lecture 
he delivered at the Royal Institution^in London on the 4th of June, 1897. 

They were also referred to by me in a paper I read before the Institution 
of Electrical Engineers on the 3rd of March, 1899. 

Most people may now agree with me that wireless waves are far too valuable 
to be always broadcasted in all directions, especially when it is desired to 
communicate only with one particular place, and I do not understand why, 
for example, messages which may be intended for Canada or South Africa 
should be scattered simultaneously pretty well all over the rest of the world, 
that is, over all the Continent of Europe, over Asia, South America, perhaps 
Australasia and New Zealand, not to speak of practically all seas and oceans. 

I can well understand the utility of the non-directional stations for many 
Naval and Marine purposes, and, of course, for broadcasting ; but for ordinary 
efficient communication between fixed places, or between one country and 
another, I think the right and logical thing to do, if possible, both from the point 
of view of secrecy and of economy, is to concentrate all the radiated energy 
into a beam directed towards the country or place with which it is desired 
to commimicate. 

The number of available wave lengths is, after all, very far from being 
imlimited, and if a wave length which is being utilised for communicating 
between England and India should necessarily be allowed to spread to Africa 
and America it would most probably interfere with the free use of that wave 
in these other countries and also debar our use of that same wave for com¬ 
municating simultaneously with them. 
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POLAR DIACRAHS lUJUSTRATMC REUTIVE 
AUCNBLITY AT EBUAL RANGE AND WITH 
EOUAL TRANSMITTWC POWER. ASSUMWC 
THE WAVELENGTH AND OTTER CONDITIONS 
ARE THE A SAME. 


A 

NON - DIRECTIONAL 
aerial ATTRANSMTTER 
AND RECEIVER. 


MAX. AUDIBILITY I. 


B 

BEAM TRANSMTTTER 
AND RECEIVER K) 
¥UyE APERTURE 
REFLECTOR AT 
EACH END. 
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Figure i shows Polar diagrams illustrating relative audibility at equal 
range and with equal transmitting power, assuming the wave length and 
other conditions are the same. 

A. Non-directional aerial at Transmitter and Receiver. 

B. Beam Transmitter and Receiver lo wave aperture reflector at each end. 

When during the war, in 1916, I took up the systematic study of short 

waves, considerable doubt existed in my mind, and in that of other workers, 
as to whether the range of these waves might not prove to be too small for 
practical and useful purposes, particularly during day time, if they might 
not be altogether too unreliable and also as to whether large stretches of land 
and particularly mountains would not present absolute obstacles to their 
transmission over long distances. 

The results obtained on short waves between 1916 and 1922 were described 
by Mr. C. S. Franklin in a paper read before the Institution of Electrical 
Engineers on the 3rd of April, 1922, and by myself in a paper read before 
the Joint Meeting of the American Institute of Electrical Engineers and the 
Institute of Radio Engineers in New York on June the 20th, 1922. 

In 1920 experiments were carried out by Captain H. J. Round with duplex 
telephony on a 100 metre wave between Chelmsford and Southend, and the 
experiments were so successful that early in 1921 two stations which had been 
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erected at Southwold and Zandvoort on the Dutch coast were put into 
commission experimentally, Southwold Station utilising about one kilowatt 
to the aerial. 

Experiments were carried out, transmitting from these two stations to 
Norrway in August, 1921, and at Christiansund day and night telephony was 
easily received from both stations. At Christiania, about 700 English miles, 
very loud and constant signals were received during the hours of darkness 
and in the daytime on certain days, apparently when the barometer was low. 

Diu-ing these experiments the curious night distortion of telephone signals 
was discovered, particularly when t^tansmission was overland, the major 
cause of which has more recently been discovered by Captain Round in his 
work on Broadcasting. 

Later, the results of these tests were merged into the general short wave 
beam experiments. 

During the tests carried out on the steam yacht ‘‘ Elettra ” in the spring 
and summer of 1923, I was able to discover that the short waves I was then 
using could in fact not only cover great distances by day, and much greater 
distances by night, but that they were also quite reliable, and that, moreover, 
large parts of continents and ranges of mountains did not materially reduce 
their working distance. (Fig. 2.) 



Fig. 2. 

A series of tests was for the first time carried out with short waves over 
what might be termed world-wide distances during the winter, spring and 
summer of this year, between Poldhu in Cornwall and receiving stations 
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situated on ships at sea and also at such places as Montreal, New York, Rio 
de Janeiro, Buenos Ayres and Sydney (New South Wales, Australia). 

All these tests proved to be successful, including the first telephonic com¬ 
munication with Australia ever realised, although the amount of power utilised 
at the .sending station never exceeded 20 kilowatts. 

For a further and more detailed report of these tests and of the methods 
employed, and which I propose to employ, I would refer you to the paper 
read before the Royal Society of Art^ on July 2nd, 1924, and published 
in the Journal of the Society of July 25th of this year, No. 3,740, Vol. LXXII. 

Very strong signals were obtained at all these places during the hours when 
darkness extended over the whole distance separating each of them from 
Poldhu, and weaker signals for a few hours when the sun was above the horizon 
at either end, the intensity of the signals varying inversely in proportion to 
the mean altitude of the sun when above the horizon. 

Although the signals were received with great strength at New York, Rio, 
and Buenos Ayres during the timti when darkness spread over the whole 
or at least the major part of the great circle track separating these places from 
Poldhu, no signals at all were ever received, during these tests, when the 
same track or part of spac(^ was all, or substantially all, illuminated by the 
light of the sun. 

While this limitation of the pt;riod of working to practically the hours of 
darkness constituted an undoubted disadvantage, still the economical 
advantages, together with the reliability and possibility of working this system, 
at far greater speeds than would have been feasible with the well-known 
high-powered long wave installations, went far to convince me that the short 
wave beam system would be capable of transmitting a far greater number 
of words per 24 hours between England and far distant countries, such as 
Australia, than would be possible by the comparatively powerful, cumbersome 
and expensive stations actually in use, or which were planned to be used, 
^or Imperial commercial communications. 

It is a satisfaction to me to be able to state that the stations intended for 
this purpose in England which we are now erecting under a contract with 
the Post Office, and others to be installed^n the principal Dominions and far 
distant countries, will, all bt^ on the beam system. 

Commencing in August of this year, a further series of investigations was 
carried out between Poldhu and the yacht “ Elettra,” the object being to 
endeavour, if possible, to find means of overcoming the limitation of working 
hours brought about by daylight, and also to test whether the effect of the 
reflectors would give the expected increase of signal strength over long distances. 

The yacht proceeded to Spain, then to Madeira, and afterwards to Italy. 
From Naples we sailed for Beyruth in Syria, touching at Messina and Crete, 
and returning to Naples via Athens. 

At Madeira it was ascertained that a reflector at the transmittmg station. 
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increased the strength of the received signals in accordance with our calculations, 
but that, notwithstanding this increase of strength, when using a 92 metre 
wave the daylight range was only very slightly augmented. 

At Madeira, and at other places,"^!!! the Atlantic and Mediterranean, com¬ 
parative tests were carefully carried out with waves of 92, 60, 47 and 32 metres. 

These tests enabled us to discover that the daylight range of practical 
communication over long distances increased very rapidly as the wave length 
was reduced, the 32 metre wave being regularly received all day at Beyruth, 
whilst the 92 metre wave failed to reveal itself for many hours each day, 
even at Madeira, notwithstanding the fact that the distance between Poldhu 
and Madeira is 1,100 miles, entirely over sea, whilst that between Poldhu and 
Besmith is 2,100 miles, practically all over mountainous land. 

Comparative tests on different wave lengths were carried out for a period 
of over two months in a variety of places, and all observations went to confirm 
the fact that for waves between 100 metres and 32 metres the daylight 
absorption decreased very rapidly with the shortening of wave length. 

These results were so interesting and satisfactory that I immediately 
decided to try further tests over much greater distances. 

In October of this year transmission experiments were carried out on a 
32 metre wave from Poldhu to specially installed receivers at Montreal, New 
York, Rio, Buenos Ayres and Sydney (Australia). 

Although the available power utilised at Poldhu was only 12 kilowatts, 
it was at once found possible to transmit signals and messages to New York, 
Rio and Buenos Ayres when the whole of the great circle track separating 
these places from Poldhu was exposed to daylight. 

During a complete day transmission at fixed intervals carried out last 
October with Sydney, New South Wales, that station received the Poldhu 
signals for 23J hours out of the 24, and a 48 hour test, which was only 
completed yesterday, fully confirmed this result. 

The tests from England to places situated South of the Equator, such as 
Sydney, Buenos Ayres, Rio de Janeiro and Cape Town, are particularly 
interesting for the reason that the waves have always in these cases to traverse 
what may be called a summer zone, and are, therefore, subjected to an averaging 
effect of conditions, which can never possibly exist when the transmissions 
take place only between stations situated in the northern or southern 
hemispheres. 

During November some successful receiving tests were carried out in 
England, from a low power transmitting station in Australia utilising waves 
of 87 metres. 

During the present month of December trials have been continued with 
Canada, the United States, Brazil, the Argentine and Australia and, also, 
for the first time, with Bombay and Karachi in India and Cape Town in South 
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Fig. 3. 


Africa. The power utilised at the Poldhu station during all these tests was 
15 kilowatts. 

Figure 3 is a map of the world, showing rough great circle tracks between 
Poldhu and various places where systematic receiving tests were carried out. 

The results have fully confirmed my expectations in regard to the behaviour 
of the various wave lengths over such great distances, and I have no doubt 
that the information gained will rendet possible the installation of com¬ 
paratively low power stations capable of establishing and maintaining com¬ 
mercial services by day and by night between England and the most distant 
parts of the globe. 

The low cost of this system both in capital and running expenses, compared 
with that of the existing type of stations, must prove to be very great, and 
should bring about the possibility of a reduction in telegraph rates for all 
long distance communications, besides making direct communication with 
some of the smaller outposts of the Empire commercially remunerative. 

Already the size and power of some of the most modern long wave stations 
was becoming a serious question from a financial point of view. 

The newly equipped station at Buenos Ayres, for example, which was 
designed primarily for communicating with Europe over a distance of about 
6,000 miles, employs 800 kilowatts and an aerial supported by ten towers 
each 680 feet high. This station usually works on wave lengths of about 
12,000 and 16,000 metres. 

Another example is the British Post Office Station, which is being erected 
near Rugby, which, when completed, will employ 1,000 kilowatts and an 
aerial supported by 16 towers each 820 feet high, and I might say that the 
station which we were erecting in the Union of South Africa was designed on 
a similar gigantic scale. 
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I am now firmly convinced that the Beam Stations employing only a small 
fraction of this power and much lower and fewer masts will be able to com- 
mimicate at practically any time with any part of the Empire, and 1 cannot 
refrain from expressing my strong personal opinion that these powerful long 
wave stations will soon be found to be uneconomical and comparatively 
inefficient in so far as long distance commercial communications are concerned. 

What remains now to be done is to complete the systematic study of these 
waves, especially in regard to thek transit or propagation through space. 
They open up what I believe will prove to be a most fertile field for the in¬ 
vestigator and an entirely new horizon to our view. 

I do not propose at this time to attempt to suggest’any theories or scientific 
explanation of the results obtained. 

For some time the technical side of the art has been well ahead of theory. 
Although we have, or believe we have, all the necessary data for the generation, 
radiation and reception of electrical waves, as at present utilised for long 
distance communications, we are still far from possessing anything approaching 
an exact knowledge of the conditions governing the propagation of these 
waves through space. 

If we had, we might perhaps have known before this that a wave atout 
30 metres long, utilising only 9 kilowatts in an aerial, could successfully travel 
to Australia and South America during daylight and there reproduce easily 
decipherable telegraphic signals. 

I think that it will be admitted that these results indicate (juite definitely 
that the well-known Austen formula is inapplicable*to these waves. Another 
formula will have to be devised, based on the results of further investigations. 

Reflectors of practical and economical dimensions are only efficiently 
applicable when short waves are used, and, although very long distances have 
been covered by these waves without the use of directional devices, I am 
convinced that these will be found .to be essential for ensuring the carrying 
out of commercial high speed services. The disadvantageous effect called 
" fading ” is sometimes a source of serious trouble when receiving signals 
transmitted by means of these waves, although much less serious than when 
waves of several hundred metres in length are employed. 

According to our experience the use of reflectors diminishes fading, and 
also tends to overcome its effects by enormously increasing the strength, and, 
therefore, the margin of readability of the received signals. 

Increasingly large and expensive reflectors could, of course, be used with 
longer waves than 100 metres, but the results of all recent tests seem to indicate 
that the shorter waves present the greatest advantages, one of the most 
important being that their reception is very much less liable to interference 
by the effects of atmospheric electrical disturbances, or '' X's.” 

If these waves are destined to carry a considerable part of the most important 
long distance telegraphic traffic of the world, it may well be necessary in the 
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near future, by international legislation, to regulate their use and safeguard 
them from preventable interference. 

All the civilised world is now interested in what is called broadcasting, 
and in England alone over one million receiving sets have been licensed by 
the Postmaster-General. 

The results obtained by amateurs have often been of great value in helping 
us to come to somewhat better understaliding of the phenomena involved, 
and I might remind you that amateurs have recently been able to carry out 
two-way communication with New Zealand for brief periods. 

It may well be that the day is fast appS'baching when the practical range 
of broadcasting will be enormously increased, and that American stations 
will be heard with clearness and regularity even during what lawyers call 
“ reasonable times,” that is, during the day and early afternoon. 

At present, as everybody knows, one is usually obliged to listen for them 
very late at night or during the small hours of the morning. 

It is also quite reasonable to expe^ct that it will soon be possible for an 
important speech to be broadcasted even to the most distant parts of the 
Empire, irrespective as to whether it is made during day time or darkness. 

The wireless transmission of pictures has already been effectively realised 
between New York and London. One would have to be vety^ bold indeed to 
forecast what may Ixi the future limitations of Radio Transmission. 

I wish, before concluding, to express my very high appreciation of the 
work carried out by Mr, C. S. Franklin and his assistants in designing and 
operating the transmitting plant at Poldhu and for all the valuable work 
he has done in connection with short waves, and to Mr. G. A. Mathicu for the 
arrangements and management of the receivers on the yacht. 

I also wish to thank the numerous engineers and experts and operators 
in Canada, the United States, Brazil, the Argentine Republic, the Cape, India, 
and last, but not least, Australia, for their most valuable co-operation in 
designing and working receivers, and in keeping long watches for the purpose 
of measuring the strength of the signals received from Poldhu in their respective 
countries. 


DISCUSSION. 

Mr. Alan A. Campbell Swinton, J^'.K.S. (late Chairman of the Council) in 
moving that a very hearty vote of thanks be accorded to the Chairman of the 
Council for his most interesting and important Inaugural Address, said the 
discovery Senatore Marconi had made, that while, as had been known for a con¬ 
siderable time, very long waves were better for long distance transmissions than 
moderately long ones, or what used to be called short ones, if the wave lengths 
were shortened to about 30 metres they were more applicable for long distance 
transmissions, was not only a verv important fact, for the reasons tho Chairman 
had pointed out, but it must also bo borne in mind that it was possible to use 
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xcflectors with short waves, whereas with long waves the reflectors to be effective 
would have to be so enormous in size that their use was impracticable. It was 
a well-known optical fact that, in order to get optical reflection, the reflector must 
be large as compared with the wave length. Short waves enabled reflectors to 
be used, but they also possessed ’ other advantages, because, as the Chairman 
had stated, they were less subject to interference by atmospherics. He wished 
to impress upon the audience that that was not only a very important discovery 
from a commercial point of view, but also from a scientific point of view, and he 
had been wondering what the professors would make of it! The Chairman had 
also alluded in the course of his Address to the possibilities of more extended broad¬ 
casting ; in fact, broadcasting practically over the whole of the earth. Very 
probably some of those present had listened the previous evening to tlie broad¬ 
casting of music and speeches from America, the transmission being about the best 
of that kind that had hitherto been publicly accomplished. There was much less ' 
interference from atmospherics than usual. Atmospherics certaialy existed, but 
apparently the fog, whicli was very bad at the time, was also bad for atmospherics. 
Another form of almosplierics also existed on that occasion, which probably some 
of those present had noticed had been referred to in the newspapers that morning. 
Somebody in the neighbourhood of London interfered very badly by producing 
most dreadful howls and squeals, due to the fact that the valve of his wireless 
apparatus was oscillating, and he did it so persistently, practically during the 
whole three-quarters of an hour that the transmission lasted, that it was scarcely 
possible to believe that it was not intentional. What was to be done with people 
like that ? If a man persistently interrupted a concert at which about one thousand 
people were present so that he prevented them hearing the music, he supposed 
the individual in question would get a week's imprisonment. On the previous 
night it was quite possible that five million people were listening to the music 
and speeches broadcast from America, so that if the punishment was to fit the 
crime committed by the individual who made his valve oscillate, and thus interfered 
with the reception of the broadcast concert, he ought to be sentenced to five 
thousand weeks’ imprisonment, or, say, one hundred years. He was afraid his 
righteous indignation against people who wilfully interrupted broadcasting had 
led him away from his subject, wiiich was to ask the audience to accord a very 
hearty vote of thanks to Seiiatore Marconi for his most interesting and important 
Inaugural Address. 


Sir Archibald Dknny, Bt., LL.D., in seconding the motion, said that although 
he also did not possess the knowlecgc which Mr. Campbell Swinton had in regard 
to the subject dealt with in the address, he thought all present would agree with 
him that the progress which had been made in the wonderful art dealt with had 
been extraordinarily rapid. He remembered that 26 years ago he had happened 
to be in Wellington, and was shown as a wonderful piece of apparatus a Marconi 
Coherer of that date, which he was told contained filings of a certain metal which 
was used for the reception of the signals. It appeared to him that the advance 
that had been made since that time was perfectly colossal, it having been made 
not in arithmetical, but in geometrical order. The advance in the knowledge 
in regard to short-wave transmission had been so rapid that, as was stated in the 
address, Senatore Marconi now held the firm conviction that the short beam system, 
with small power transmission, would be the system of the future. Those of the 
members who were interested in the second page of the “ Daily Telegraph,” which 
xx>ntained the commercial news of the day, would remember that one of the first 
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stalcments made on that page was that “ hot Treasuries " had been sold at so 
much during the previous day. The membeis of the audience had not received 
•• hot Treasuries,” but hot treasures from what the Senatore had told them, because 
he had referred to matters that Jiad happened oniy on the previous day and previous 
night. He was sure not only the audience, but all the members of the Society, 
would desire to thank the Chairman for the service he liad rendered to them by 
delivering such an interesting Inaugural Address. 

I 

The resolution was carried unanimously. 

> > 

The Chairman, after thanking Mr. C>jimpbell^ Swintou and Sir Archibald Denny 
for the very kind remarks they had made, and the audience for the hearty manner 
in which they had been received, said a great deal had yet to be discovered in 
regard to the short waves that had been used for world-wide communication. 
It was not yet known which were the best conditions and the worst conditions 
for their use, nor whether they could be better employed during the night or the 
day, nor whether the fog might not be their friend. That was a matter for the 
future. He appreciated very much the kind remarks that had been made in 
regard to his address, and desired to conclude by congratulating most heartily 
the recipients of the medals and the Swiney prize, which he had had the honour 
of presenting. 


ENCOURAGEMENT OF AGRICULTURE IN TURKEYi 

According to a report by the British Commercial Secretary at Constantinople, 
the Turkish Government has taken some steps to encourage and assist the peasant 
of Anatolia, by the gratuitous distribution of seed and agricultural machinery. 

In September, 1923, the National Assembly voted a credit of Ltqs. 1,100,000 
for the purchase and distribution of seed, cattle and agricultural instruments to 
necessitous peasants. This credit having been exhausted in November, the National 
Assembly voted a further credit of I^tqs. 2,000,000 for the same purpose. 

At the end of 1923 some 250 Fordson tractors had been sold in Turkey, mainly 
along the railway lines and coastal regions. 

The Turkish authorities were also instrumental in encouraging the formation of 
co-operative societies with a view to intensifying production. 

A special credit was also voted for the payment of reparation to peasants and 
others for Government requisitions effected during the military operations in 
Anatolia. 

Although it has not been possible to obtain precise information as to the activities 
of the Agricultural Bank during the year 1923, it is known that large quantities of 
seed have been distributed to the peasants in Anatolia and Thrace. 

The Government is also reported to be considering the revision of the present 
regime governing the rates and collection of the tithe, with a view to encouraging 
agricultural development. 


ORGANISATION OF ELECTRICITY SUPPLY IN NORWAY. 

The Commission appointed bv the Norwegian Government in 1918 submitted last 
year to the Ministry of Public Works a technical plan for the organisation of the 
supply of electricity throughout the whole of Norway. 

The Commission recommended that the supply of power for distribution from 
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electricity works should be made a public enterprise, administered, under State 
control, by the various county councils and town councils. It is not, however, 
proposed to interfere with persons or concerns who have made or may make arrange¬ 
ments to procure electrical energy from their own power stations. Direct action 
in providing power is to be taken by the Government only in exceptional circum¬ 
stances, as, for instance, in the case of Finmarken, where extraordinary conditions 
render it desirable that the State should assume responsibility for the whole electri¬ 
city supply, but it is suggested that thfe State shall bear a certain j^ercentage, varying 
in different parts of the country, of constructional costs. 

The Commission have further drawn up plans for the supply of power to all 
railways in the South of Norway. • \ 

1 he report of the Commission has been submitted for consideration to the different 
town and county councils, and to the Jioard of Watercourses and Electricity. 

According to a Report by the Commercial Secretary to H.iVI. J.egation at 
Christiania, no operations which invblve the harnessing of new water power were 
commenced in 1(^23. Work has, however, proceeded on the completion of State 
and municipal power schemes initiated at an earlier date, largely with a view to 
domestic .service. 

It may be mentioned as a characteristic feature of development during the past 
year, that much pn^gress has been made in the establishment of inter-connexion 
between existing power .stations, with a view to the best possible utilisation of energy 
which is already iivailable. 


GENERAL NOTE. 

India at Wkmbley. —According to the Allahabad correspondent of the Times 
the report of the Director of Industries of the United Provinces (Tovernment gives an 
enthusiastic account of the results of participation in the British hhnpire Exhibition. 
The sales up to the end of August amounted to nearly eight lakhs of rupees [;f 53 , 333 J. 
and the total is expected to reach 16 lakhs. Art wares were introduced to the widest 
possible circle of actual and potential buyers, new markets were opened, and an 
increasing How of trade for years had been secured. Participation had spread 
a wider knowledge of industrial possibilities, and enabled Indian manufacturers and 
dealers to acquire first-hand knowledge of the tastes of foreign consumers. The 
Director of Industries of Bihar and Orissa also reports favourably, announcing 
that the sales of silk and lace had been considerable, and were limited only by the 
difficulty of executing orders. 


MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 

Monday, Deckmbek 20 ..Gcoj'raphical Soric-ty, 115, New Ootid Street, \V. 3.30 p.m. (J iivenile Lecture). Major R. U. 

Chcesmaii, “ Wild Life of the Arabian Desert.” 

Tuesday, Decembi-.h 30- .Colonial Institute, Hotel Victoria,Northuml>crland Avenue, W.C. 3.p.m. (Juvenile Lecture) 
Mrs. Scoresby Roiitledgi*, “ Travels in the ^iith Seas and Gambier Islands.” 

Royal Institution, Albc*marle Street, \V. 3 p.m. (Juvenile Lecture). Mr. F. B. Balfour, ” Concerning 

the Il.ibits of Insects.” (Lecture II). 

Thursday, January i. .Auctioneers’ and Estate Agents' Institute, 29, Lincoln’s Inn Fields, W.C, 7.30 p.m. Mr. 
E. W. Eason, ” Compensation in regard to Ke-IIousing Schemes.” 

Royal Institution, Albemarle Street, W. 3 p.m. (Juvenile Lecture). Mr. F, B. Balfour “ The Habits 
of Caterpillars.” 

Friday, January 2. .Mechanical Engineers, Institution of, (Midland Section). C^hamber of Commerce, New Street, 
Birmingham. 7.30 p.m. Mr. A. W. D, AUistcr, ” Notes on Engineering Publicity.” 
Geo^aphical Society, 133, New Bond Street, W, ^.30 p.m. Dr. II. R. Mill, ” S^me Explorers I knew.” 
Geologists' Association, University College, Gower Street, W.C. 7.30 p.m. Miss M. S, Johnston, “ Geo¬ 
logical Sketches in Canada.” 

Saturday, January 3. .Royal Institution, Albemarle Street, W. ^ p.m, (Juvenile Lecture). Mr. F. B. Balfour, 
The H.nbits of the Dragon Fly.” 
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NOTICES. 

NEXT WEEK. 

Wednesday, January 7TH, at 3 p.m. (Dr. Mann Juvenile Lecture.) 
Lieut.-Colonel E. H. Richardson, “ Dogs in War.**. (Lecture I.) Lord 
Askwith, K.C.B., K.C., D.C.L., will preside. Tea and coffee will be served 
in the Library after the lecture. 

All the tickets for these lectures have now been issued. 


OPEN COMPETITION OF INDUSTRIAL DESIGNS. 

The second annual Open Competition of Industrial Designs will be held 
in June next at the Victoria and Albert Museum, and full particulars can 
now be obtained on application to the Secretary of the Royal Society of Arts. 

Competitions will be held in the following sections :—^Architectural Decora¬ 
tion, Textiles, Furniture, Book Production, Pottery and Glass, and Mis¬ 
cellaneous. In addition to a large number of money prizes. Travelling 
Scholarships are offered in the Textile Section, and also, thanks to the 
kind assistance of the Royal Institute of British Architects and of the 
Society of Architects, in the Section of Architectural Decoration. 

Under the head of Miscellaneous, several prizes of £50 each are offered by 
various firms for posters; a prize of £25 is offered for a design suitable for 
the cover of a Christmas number of the Graphic ; prizes of £25 and £10 are 
offered for chocolate box designs ; and a prize of £25 for a design for a Chrtetmas 
Gift Box. * 

After the work has been judged a number of selected designs will be exhibited 
at the Victoria and Albert Museum, and subsequently at suitable centres in 
the provinces. In this way they will be brou^t immediately to the notice 
Of those manufacturers who are likely to be specially interested in them. 
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The Council hope to place the Scheme on a permanent basis and to offer 
annually travelling scholarshij^s and prizes. In order to secure this object 
a very substantial capital sum will be required. They therefore appeal to 
all those who not only are interested in the artistic industries of the country, 
but are concerned for the general improvement of British trade to assist them 
in promoting the Scheme. Contributions to the Fund should be addressed 
to the Secretary, Royal Societ}^ of Arts, John Street, Adelphi, W.C. 2. 


PETER LE NEVE FOSTER PRIZE. 

The late Mr. Reginald Le Neve Foster presented tlie Society with a donation 
of £140 for the purpose of founding a Prize in commemoration of his father, 
Mr. Peter Le Neve Foster, who was Secretary of the Society from 1853 to 
1879. 

The Council have resolved to offer the Prize of £25 for an essay on “ The 
Effect of Trade Union Regulations on Industrial Output.** 

Intending competitors must send in their essays not later than March 31st, 
1925, to the Secretary, Royal Society of Arts, John Street, Adelphi, London, 
W.C. 2. 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on “ Colloid Chemistry ** by Eric K. Ridcal, M.l^.E., 
M.A., Ph.D., D.Sc., F.!.(]., have been reprinted from the Journal, and the 
pamphlet (price is. td.) can be obtained from tlu;. vSecretary, Royal Society 
of Arts, John Street, Adelphi, W.C. 2. 

A full list of the lectures which have been published separately and are 
still on sale can also be obtained on application. 


LIST OF FELLOWS. 

The new edition of the List of ludlows of the Society is now ready, and 
copies can be obtained on application to the Secretary. 


PROCEEDINGS OF THE SOCIETY. 


INDIAN SECTION. 


Friday, December 5th, 1924. 

Professor Henry E. Armstrong, Ph.D., LL.D., D.Sc., F.R.S., in the Chair. 

The Chairman said it was a great privilege to be permitted to introduce Colonel 
McCarrison to the meeting. Colonel McCarrison had been a long time in India 
and for a good many years on the Northern Frontier. During the last do/'en >cars 
or more he had been actively engaged in inquiries into food problems. 
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The paper read was:— 

-PROBLEMS OF FOOD, WITH SPECIAL REFERENCE TO INDIA.” 

By Robert McCarrison, C.I.E., M.D., LL.D.. D.Sc., F.R.C.P., 
Lieutenant-Colonel, Indian Medical Service. 

The problems of food, to which it is my privilege to direct your attention 
this afternoon, relate to quantitative faults in the dietaries of human beings 
and to their connexion with disease. And since such problems are many 
and diverse, I propose to devote the time at my disposal to a consideration 
of some of those having a special concern for India, in the investigation of 
which I have been engaged for some years past. 

The known essential constituents of food are proteins, fats, carbohydrates, 
mineral elements, vitamins and water. These provide materials for the 
production of energy and heat, for the replacement of tissue waste, for 
maintaining the proper medium in which the chemical reactions of the body 
can take place, and for making these chemical reactions possible. The body 
requires these essentials in definite quantity and proportion one to another, 
and in regard to some of them in definite quality also. So it comes about 
that the normal chemical reactions on which nutrition depends may be 
disturbed by reason either of the excessive ingestion of certain of these food 
essentials, or by the deficient ingestion of some, or by a combination of food 
deficiencies with food excesses. Further, one essential constituent of the 
food may be rendered relatively deficient by the excessive ingestion of another. 
Thus we have in diabetes, as it occurs in India, an example of a malady arising 
in consequence of the over-consumption of starch and sugar combined with 
lack of exercise ; in beri-beri we have an example of a malady associated in 
its origin with the deficient ingestion of another food essential belonging to 
the vitamin class ; and in a certain form of thyroid derangement we have 
an example of a malady which may arise from relative deficiency of iodine 
consequent on the excessive ingestion of fats or lime. 

Of all the essential constituents of food, none is more remarkable than 
the group to which the name ” vitamins ” is applied; it is around these 
substances that most of my remarks will centre. They were called "vit-amines” 
because they are essential to life, and were at one time thought to be related 
in chemical composition to the nitrogenous substances known as amines. 
And although this view as to their chemical composition is now known to 
be erroneous, yet the name to which it gave rise has remained; the terminal 
" e ” in the word ” vitamine ” having of late been dropped, so that the resulting 
word no longer suggests a substance of a defined chemical composition. The 
term '* vitamin ” is now so well known that it would be difiicult to displace 
it, and it serves perhaps as well as any other. Vitamins are remarkable 
because little or nothing is known of their chemical compositioA; because 
the normal chemical processes of the body are impossible without them; 
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because their quantity in the food is infinitesimal both in proportion to other 
food essentials and to the i)rofound influence which they exercise in nutrition ; 
and because their discovery, revealed by feeding experiments on animals, 
provided a new concept of disease production. Prior to their discovery we 
had thought of disease as being capable of production only by some positive 
agent, such as a microbe or a toxin ; subsequent to their discovery it was 
realised that disease might also arise from negative causes, such as the 
deficiency in the food of substances essential to the harmonious regulation 
of life's processes. It was natural that at first “ deficiency diseases "—as 
those »states of ill-health are called which are caused by deficiency of 
certain constituents of the food—should have been limited to those associated 
with deficiency of vitamins, these being the first to engage the attention of 
investigators. But later it became apparent that vitamins were not the only 
food constituents whose deficiency w^ould give rise to disease. Want of 
proteins, of iodine and of other essentials arc now known to be capable of 
causing “ deficiency diseases." But the problems connected with these 
diseases do not end with the insufficient intake with the food of certain 
substances essential to normal metabolism. Questions arise as to their 
inadequate assimilation or absorption ; their relative insufficiency in relation 
to other food constituents ; the varying needs of the body for them under 
different conditions of life ; and the interaction of such food deficiencies 
with other disease producing agents. 

Important then as " vitamins " are, it is not to be assumed that their 
importance outweighs that of any other essential' constituent of the food, 
nor that the new concept of disease to which their discovery gave rise eclipses 
in importance the knowledge we already possess in regard to disease-production 
by positive agents. As our knowledge of disorders due to food deficiencies 
increases, it will, I think, be found to dovetail more and more into that already 
acquired in regard to positive pathogenic agents. There is no antagonism 
between the older and the newer knowledge, rather is there a close inter¬ 
dependence between them. I make these comments because there is a tendency 
in some quarters to extol the importance of vitamins at the expense of other 
equally important food constituents, a tendency in others to pooh-pooh their 
influence in nutrition. We hear on the one hand that so long as the food 
contains enough vitamins little else matters ; on the other that provided it 
be varied enough the vitamins will look after themselves. Both these views 
are extreme views and both are wrong. Man may consume a diet which 
contains abundance of vitamins, yet it may not contain enough fuel materials 
for his energy requirements, nor enough nitrogenous material for the 
adequate repair of his tissues; while variety in the foodstuffs used may yet 
fail to provide a sufficiency of vitamins, unless the knowledge we possess as to 
their distribution in nature is made use of to guide us in the proper selection 
of food materials. 
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If animals be fed on a chemically pure diet compe^sed of proteins, fats, 
carbohydrates, salts and water in proper quantity and proportion, tliey will not 
thrive nor survive. But if vitamins be supplied, as by the addition of a little 
milk to this diet, they will grow and flourish. This was, indeed, the classical 
experiment of Gowland Hopkins : the root from which our knowledge of these 
remarkable substances has sprung. The inclusion of vitamins in adequate 
quantity in an otherwise complete diet enables the other essential elements 
of the food to be properly utilised ; without a sufficiency of them the normal 
chemical processes of the body are impossible. I have likened their action 
to that of the spark which ignites the fuel mixture of a petrol-driven engine 
liberating its energy : the spark is no use without the fuel nor the fuel without 
the spark: if either be wanting the engine will not run. 

Both man and animals derive their supply of vitamins directly or indirectly 
from the vegetable kingdom : from those sources to which reference is made 
in the first chapter of Genesis : ** from hiTbs bearing seed and from every tree in 
the which is the fruit of a tree yielding seed . . . and from every green herb.” 
Certain animals are able to obtain from these sources alone all the materials— 
proteins, fats, carbohydrates, mineral elements and vitamins—requisite for their 
perfect nutrition. To enable them to do .so they must eat these vegetable 
foods in very large quantities, and nature has endowed them with gastro¬ 
intestinal tracts capacious enough for the purpose. But man, whose gastro¬ 
intestinal tract is less capacious than that of herbivora, cannot obtain from 
vegetable sources alone all the food essentials for his energy requirements, 
nor for the attainment of the highest degree of physical efficiency. He can 
obtain a sufficiency of certain e.ss(nitials, such as carbohydrates, mineral 
elements and vitamins from vegetable sources, but it is necessary for him to 
supplement the diet of seeds, tubers, roots, vegetables and fruit with a certain 
amount of animal food. Carnivora, again, do not make use of vegetable 
foods, from which vitamins are derived; they are thus dependent for their 
supply of these substances on the tissues of animals that do, and in which 
they are present in quantities which vary with the particular tissue. 

The foodstuffs available for the use of man are roughly divisible into the 
following groups :— 

(1) Seeds, tubers and roots. 

(2) Fruit and green leafy vegetables. 

(3) Muscle tissue of animals. 

(4) Glandular organs of animals : liver, kidney and the like. 

(5) Milk and milk products. 

The storage parts of plants, comprising the firsc group, are incomplete 
foods, because they are deficient in the right kind of protein for man’s needs, 
in essential mineral elements and in certain vitamins associated in nature with 
fats. They are, however, the great source of carbohydrates ; the cereals— 
wheat, barley, rice, etc.—being the staple food of man. In the second group. 



140 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. Jan. l', 


including fruit and green leafy vegetables, vitamins and essential mineral 
constituents are plentiful, but energy-bearing constituents are scanty. 
The third group, which includes the muscle tissues of animals, is, like 
the storage parts of plants, deficient in certain vitamins and mineral elements, 
but it provides the right kind of protein. The glandular organs included 
in the fourth group are rich in vitamins of aU classes and in mineral essentials; 
in this respect, being comparable to the growing parts of plants, in which 
active metabolism is taking place ; these organs also provide the right kind 
of protein. Milk and milk products, which make up the fifth group, are rich in 
all '"hose elements and complexes in which the storage parts of plants and muscle 
meat are lacking. The perfect diet is, therefore, one in which these different 
groups of foodstuffs are .so combined that the defects of one are made good ‘ 
by the richne.ss of another in those essentials wherein the first is lacking. A 
diet of cereals, tubers and roots, even when supplemented with muscle meat, 
is not a complete diet, for the reasons given. This diet is one in common use 
by many people in this country. It may be rendered satislactory by the 
liberal inclusion in it of green leafy vegetables and fruit. It wiU be more 
satisfactory still if the cereal used—whether wheat or rice—be not deprived 
of much of its value by refined milling processes ; if, in short, whole meal bread 
be used instead of white bread or unpolished rice instead of white rice. But 
the diet will be most perfect when liberal amount.s of milk and milk products, 
with or without muscle meat, are used to supplement the cereals, tubers, 
fruit and vegetables which compose the bulk of it. 

There is, perhaps, no country in the world where the truth of this doctrine 
of nutrition is more convincingly illustrated than in India. No one who 
has travelled far in India can have failed to observe the remarkable differences 
in physical efficiency of its different races ; and although there are a number 
of factors, climatic and other, which play their part in determining these 
differences, yet there can be no doubt that nutrition is the chief among them. 
The common foodstuffs available for use by the people of India are mostly 
derived from the vegetable kingdom : they include rice, maize, barley, wheat, 
millet, legumes, vegetables and fruit. These form the food of millions of 
Indians ; animal foods, milk and milk products being made use of, as a general 
rule, only by the better classes and by certain races of Northern India. The 
commonest and the worst of all diets in use by Indians consists of rice, legumes, 
vegetables and condiments. This diet is poor in protein, in certain mineral 
elements and in certain vitamins; and consistent with these defects we find 
the users of it to have the worst physique, the lowest powers of 
resistance to bacterial infection and the worst health of any of the 
races of India. Another diet in common use in India is made up of 
wheat, with or without rice, legumes, vegetables and condiments. It is 
largely used by the people of the United Provinces. It is a better diet than 
the rice-legume one because wheat provides a better protein and more of it,' 
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and while it is deficient in certain respects (as in vitamin A) it is less so than 
the rice-legume diet. Consistent with the better quality of this diet we find 
the physical efficiency and general wellbeing of its users to be of a higher 
order than that of the users of a rice-legume diet. It is, however, when we 
come to races like the Rajputs, the Sikhs and the Pathans, who supplement 
the diet of cereals, legumes, fruit and vegetables with animal foods, especially 
milk and milk products, that we meet with the highest degrees of physical 
efficiency to be found in Oriental races, or, indeed, in any races of mankind. 
The diet of the Sikhs is a lacto-vegetarian one. It consists of whole meal flour, 
legumes, tubers, vegetables, fruit and clarified butter, with abundance of the 
milk of buffaloes, cows and goats. Their children are breast-fed for two-and- 
a-half years, the mother's milk being supplemented during the laat year of 
lactation with the diluted milk of cows or goats. Throughout life the Sikhs 
use milk and milk products freely, buttermilk and curds being largely consumed. 
They eat meat at times : two or three times a month, perhaps, but it is a 
luxury rather than a necessity, and has not the same important place in their 
diet as milk and milk products. It would be difficult to conceive of a diet 
which more adequately fulfils the functions of food than that of the Sikhs. 
The milk which forms so important a part of it provides protein in the best 
and most assimilable form, as well as all those elements and complexes which 
are deficient in the vegetable part of their food. Those who are familiar with 
the Sikhs will be slow to admit that for courage, manly qualities and general 
physical efficiency they are surpassed by any other race of mankind. 

The diet of the Pathans is much the same as that of the Sikhs, but they are 
greater meat-eaters, and they too are among the finest races of mankind so 
far as physique is concerned. For many years my work brought me into 
close contact with another race which is unsurpassed in perfection of physique 
and powers of endurance. I refer to the people of the Hill State of Hunza 
in the extreme North of India. The diet of these people corresponds in 
many wQ.ys to that of the Sikhs, but they eat less meat, and, their stock 
being limited to goats, their consumption of milk and milk products is less 
than that of the Sikhs. But they are great fruit-eaters, especially of apricots 
and mulberries, which they use in both the raw and the sun-dried st^te. 
The powers of endurance of these people is extraordinary : to see a man of 
this race throw off his scanty garments, revealing a figure which would delight 
the eye of a Rodin, and plunge into a glacier-fed river in the middle of winter, 
with as much unconcern as many of us would take a tepid bath, is to realise 
that perfection of physique and great ph)^ical endurance are attainable on the 
simplest of foods, provided these be of the right kind. These people are long- 
lived and vigorous in old age. Among them the ailments so conunon 
in our own people—^such as gastro-intestinal disorders, colitis, gastric 
and duodenal ulcer and cancer—are extraordinarily imcommon, and I have 
no doubt whatever in my own mind that their freedom from these scourges 
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of modern civilisation is due to three things : (i) their use of simple, natural 
foodstuffs of the riglit kind ; (2) their vigorous outdoor life ; and (3) their fine 
bracing climate. It is some years now since I drew attention to the freedom 
of these jxjoplo from many of the maladies which so commonly afflict our 
own people, and found a reason for it in their use of unsophisticated foodstuffs. 

I take this opportunity to repeat this statement, and to suggest that if a closer 
study of the food habits of different races of mankind were made, we should 
find as much material on which to base sound judgments as to the origin of 
many common diseases as we now find within the four walls of the best equipped 
laboratory. The examples I have given you will suffice to show that the 
physical efficiency and welllx'ing of any race is largely a matter of the food 
they cat. It is not only because the diet of the Sikh contains more suitable * 
protein tfkn that of the Bengali although this is a matter of great importance 
—nor Ix'cause it contains more vitamins, that the Sikh excels the Bengali in 
physical efficiency and wellbeing, but because the diet of the Sikh contains 
all those elements and complexes necessary for the maintenance of perfect 
nutrition. Each essential constituent of food is a member of a team on the 
co-ordinate action of which perfect nutrition deix^nds. 

I am tempted at this point to diverge from my consideration of food 
problems as they relate to India, in order that I may draw comparisons, not 
always to our own advantage, bedween the food habits of our own people and 
those of Indian races. I might draw your attention to a diet in such common 
use in this country as that consisting of white bread, potatoes, muscle meat 
or tinned meat, margarine and jam, and point to its incompleteness and in¬ 
capacity to sustain normal metabolism in every individual using it, or refer to 
the scanty part that such nutritious foods as milk, fruit and green leafy 
vegetables play in our dietaries. 1 might urge the nece.ssity of providing these 
foods—the protective foods, as McCollum has called them—in greater 
abundanc(j, and at prices within the reach of our own people, or draw pictures 
of the physical inefficiency and mal-beirig which their lack entails, but I 
shall content myself by remarking that all I have said and all I have to say 
in regard to India has a bearing of ijlo less importance for the people of these 
islands. 

1 now turn to provide specific examples of the effects on the animal 
organism of faulty food deficient in vitamins, and for this purpose I select 
rice from among the herbs beiiring seeds,” since it is a cereal widely used 
in the dietaries of Indian peoples. It has long been known that the too 
exclusive use of rice is often associated with the occurrence of a disease known 
as beri-beri. This malady is endemic in certain parts of India; it is 
characterised by a paral5d:ic condition of the limbs, by wasting and dropsy, 
or both, by cardiac enlargement and other features too technical for mention. 
In common with all other cereals, but in major degree, rice has certain defects 
as a food : its protein is poor in quality and scanty in amount; it is lacking 
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in fats and in vitamins associated in nature with fats, and it is lacking in 
certain essential mineral elements. To begin with, it is an incomplete food, 
and this incompleteness is enhanced in greater or lesser degree by the manner 
of its preparation for human consumption. Its faults as a staple food are 
compounded of the faults inherent to it as a cereal, and of those that are 
superadded to them by the various milling and retining processes to which it is 
subjected. The association of rice with beri-beri is, however, related rather 
to the superadded faults than to those inherent to it as a cereal. 

The rice grain, or paddy as it is called in India, consists of a central core 
of starch and the germ of the seed surrounded by a thin red outer coating, 
the whole enclosed in the husk. The husk is first removed by thrashing, and 
thereafter the red rice is subjected to various refining processes, all of which 
deprive it to a greater or lesser degn'e of those parts of the grain (the germ 
and outer layers) in which the major part of the vitamins occur. These processes 
also deprive it of part of its protc'ins, fats and essential mineral elements 
in which the rice grain is at best ix)or. The simplest practice is to pound the 
rice by hand in large mortars. This has the effect of removing little of the 
vitamin-containing tissues, and the result is a “ red rice,"’ which, as you will 
presently see, is the best of all forms of rice in use in India. The method is a good 
one also, because it is customary to jx)und only a sufficiency of the paddy fora 
day or two*s use, so that it has little opjx^rtunity to deteriorate as decorticated 
rices have when stored after milling. 'Hie second procedure is to parboil 
the paddy first and jx)und it afterwards. Parboiling consists in first soaking 
the rice in water and thereafter subjecting it for 15 minutes or so to the action 
of steam : it is subsequently dried in the surr and is then ready for pounding 
or milling as the case may be. . The (effect of, the parboiling is to cause the 
outer layers of the rice grain to adhere, so that when ix)unded by hand or 
milled and jxjlishcd in modern rice mills, more of the vitamin-containing tissues, 
are retained, and a rice of better nutritive quality, in .some respects, is secured. 
But while parboiling preserves to the rice-grain much of its original store of 
one kind of vitamin (that known as the anti-ncuritic vitamin or vitamin B), 
it robs it of much of its original store of another kind of vitamin (that known 
as fat soluble vitamin or vitamin A because of its association in nature with 
fats). It does so because the parboiling and subsequent drying o^ the rice in 
the sun preparatory to milling subjects this vitamin A to oxidation, to which 
it is very susceptible ; so that parboiling, which is advantageous in one way, 
is disadvantageous in another. The third procedure is to mill the rice in native 
or modem rice-mills, either in the raw or in the parboiled state. The germ and 
more or less of the outer vitamin-containing layers arc removed in the process, 
according to the degree of milling and polishing to which the rice grains are 
subjected. Rice may, therefore, be of at least five kinds : (i) Raw, home 
pounded unpolished rice; (2) parboiled, home-pounded unpolished rice; 

(3) parboiled, milled and lightly polished rice ; (4) parboiled, milled and highly 
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polished rice ; and (5) raw, milled and highly polished rice. In the experiment, 
the results of which I now show you, you will see the effects of these different 



Diagram showing the etitect ot parboiling, milling, and polishing on the 
nutritive and vitamin values of paddy as determined by feeding groups of six 
pigeons on the various products. 
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rices on pigeons fed exclusively upon them I obtained from Tanjore 
a quantity of paddy of a certain well-known and much used variety. This 
was specially treated for me in the five ways above mentioned. I obtained 
from the same locality a large number of pigeons of approximately the same 
age and strain (it being a matter of the first importance in such an experiment 
as this that every conceivable factor which might tend to complicate the 
results should be excluded as far as possible, the birds used should be from the 
same locality, and of the same age. and strain and so on). The pigeons were 
divided into seven groups, having six birds in each group, in such a way that 
the total weight of the six birds in each group was the same : i,86o grams, 
or an average weight per bird of 310 grams. To each of five groups one 
or other of the five kinds of rice was given as their exclusive food; the sixth 
group received as its sole food the original paddy in the raw state ; the seventh 
group the original paddy in the parboiled state. In the chart now shown 
you will observe that each group started from the sam(^ point, 
as indicated by the average weight of the birds—310 grams. The birds were 
weighed weekly, and their average weight charted so as to give what we call 
weight curves.For the sake of cUsimcss I show you these weight curves 
as straight lines. Now notice what happened to the birds during the 100 
days the cxjxjriment lasted. Those which received the raw, home-pounded 
unpolished rice put on weight, so that at the end of the period of 100 days 
they exceeded in weight that of any other group. Next in order came those 
which received the raw paddy: their weight was not quite so good at the 
end of 100 days as that of the first group ; no doubt, because they had to eat 
a considerable amount of the. less nutritious husk adherent to the paddy. 
Third in order were those which received the parboiled, home-pounded, un- 
lX)lishcd rice : their weight fell below the line of maintenance, a line at which 
the amount of vitamins and other food constituents in rice is so nicely balanced 
that the average bird neither gains nor loses in weight. Fourth in order 
came the group which received the parboiled paddy. The next three groups 
show the effect of milling and jx^lishing; the fifth group had a parboiled 
lightly polished rice, the sixth a parboiled highly polished rice, and the seventh 
the raw polished rice; the loss of weight in each group being proportionate 
to the degree of polishing. The effect of parboiling in preserving to the rice 
grain certain important food essentials is wcU seen by comparing the weight 
curves represented by the last two lines on the chart. Both rices were subjected 
to the same degree of milling and polishing, but the parboiled rice lost much 
less of some essential necessary for maintaining the weight of the birds than 
did the raw rice. This raw milled and polished rice is in use by millions of 
the people of India. Notice what happened to birds fed exclusively upon 
it: they lost weight rapidly, so that by the 40th day, when all of them had 
died, they had lost almost one-half of their original weight. If you compare 
their weight curve with that of the first group you will see how profound is 
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the effect of milling and ix)lishing of rice. The first group had the raw un¬ 
polished rice and gained in weight; the seventh group had the raw polished 
rice and th^y lost weight rapidly and died within 40 days. This result is 
due, in the main, to the removal by milling and polishing of the germ and 
outer layers of the rice grain in which the major part of the essential vitamins 
are stored. This is what modem machinery does in reducing the food value 
of rice. It makes the milled product a positive danger to its users. Some 
of you ma}^ say “ Thank goodness, we do not live on milled and polished rice." 
But many Europeans do live largely on white flour, and if my experiment had 
bee 1 carried out with wheat instead of with rice it would have given the same 
result. I'here is much to Ix' said for the Daily Mail slogan : " The whiter 
your bread the sooner you’re dead." For unless the deficiencies in white 
bread or in white rice are made good by the consumption of other foodstuffs, 
rich in those elements and complexes in which these materials are lacking, 
physical inefticiency and disease will inevitably rct^ult. Clearly, it is folly to 
use a product, whether it be of rice or wheat, which is deprived in the process 
of manufacture of food factors of vital necessity to the body. Whole meal 
and unpolished rice arc not d(;prived of these factors; therefore these should 
Ixi eaten in preference to white flour and polished rice. I might show you 
other charts in which this effect of milling and ix)lishing of rice was prevented 
by giving to the birds the rice ix)lishings in addition to the highly jx)lished 
rice, but in that case the result would be practically the same as that represented 
by the first line in this chart. 

You will notice that the birds represented by the lines marked XVIII, 
XVII, XIX and XX lost weight, but none of them died within tlie 100 days 
of the cxpcTiment. The fact that none of them died was partly good luck, 
but more because of the precautions I took to prevent any kind of infection 
reaching them ; and, fortunately, none of the birds were " carriers " of any 
infecting agent. If such infection had reached them, or if any among them had 
been " carriers " of an infecting agent, deaths from this cause would have 
occurred. I don’t' want you to go away with the idea that it was only the 
group which was fed on raw^ polislied rice that was in any danger of death or of 
disease; the other groups, whose weight-lines fell below^ the line of maintenance, 
were in dangcjr also, although this danger was not so great. They were in 
danger from infections, and the only groups which were not in great danger 
from this cause were the two groups which lost no weight. It is of the 
utmost importance to realise that if there be not enough vitamins, suitable 
protein, and essential mineral elements in the food of man or beast to pre¬ 
vent the weight dropping below the line of maintenance, then disease is not 
far off. 

Now let us return to the condemned group shown in the last line of this chart. 
You will see an arrow on this line pointing downwards : it is placed at a point 
which represents the average number of days taken by the six pigeons to 
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die of a malady called polyneuritis columbaram. This malady, as its name 
implies, is a disease of the nerves, which is due to the want of the specific vitamin 
removed in the milling and polishing of rice. This vitamin has, therefore, 
beep called ** the anti-neuritic vitamin (a term which has of late been 
shortened into " vitamin B ") because of its power to prevent this form of 
neuritis in pigeons. You will notice that this group was the only one in which 
the disease occurred. The polished rice eaten by these birds did not contain 
enough of the vitamin to prevent ixiljmeuritis, whereas in the other groups 
the intake of the vitamin was suflicient to prevent it. I now throw upon 
the screen some examples of this malady in pigeons and fowls. 

It needs no description from me to indicate the state of paralysis in which 
these birds arc. If now one takes a bird in this state and gives it a certain 
amount of rice polishings or of egg-yolk or of peas, all of which contain this 
anti-neuritic vitamin in abundanc(^ the effect is miraculous. Within three 
to six hours of receiving the missing vitamin the bird will (unless great 
damage has been done to other tissues than the nerves) be up and about, 
flying around one’s laboratory. In the whole range of experimental 
research work there is nothing more marvellous than this. I'o see 
a bird helpless and paralysed, having fits at regular intervals, in 
which it turns cart wheels backwards for yards over one’s laboratory 
floor, take to its legs and wings within a few hours of receiving 
the missing ingredient of its food, is a sight which ought to convince the most 
sceptical of the value of experimental research. Some of you will probably 
say that the nerves of such a bird cannot have been vastly injured, otherwise 
it could not recover so completely in so short a time. This is true : the nerves 
are not vastly injured, but they won’t conduct impulses from the higher centres 
efficiently, and the higher centres themselves cannot transmit efficiently. 
But provide the missing vitamins and their loss of function is practically 
restored to normal. Now what is the bearing of all this so far as man is 
concerned ? The disease known as beri-beri, which affects man, is similar in 
some ways to this malady in pigeons, although it is not identical with it. 
Beri-beri has long been known to be associated in man with the too exclusive 
use of over-milled rice. The effect of this rice in producing polyneuritis 
in pigeons suggested that it probably had the same effect in man, and that 
beri-beri, which is also a polyneuritis, might be due to the want of the particular 
vitamin removed in the milling and polishing of rice. We know now (at 
least some of us do) that beri-beri is not due solely to want of this vitamin, 
but we know also that a well-balanced food, which is rich in it, will prevent 
beri-beri in man, cut short outbreaks of it, and even cure it in those who suffer 
from it. It is a malady which we have now the power to control. ■ 

But the complexity of the problems which confront the investigator of 
disease is well illustrated by this malady. It would be so satisfying to feel 
that it is due solely to the want of a certain vitamin or vitamins in the food. 
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SO comforting to know that we had to do only with one factor in its causation. 
But this is not the case. No one, even in India, lives only on polished rice, 
however great may be its proportion in the diet. It is always supplemented 
with other foods, usually with legumes. Now no rice-legume diet in common 
use by the people of India will cause pol5mcuritis in pigeons, yet the qualities 
of this diet are not such as will prevent bcri-beri arising in man in those localities 
where the disease is endemic. I know of localities in India where bcri-beri 
has prevailed for years before rice milling was introduced into India, and where 
the disease occurs among the users of raw home-pounded or i)arboiled rice, 
neither of which will, as a rule, cause polyneuritis in birds. Their food contains 
enough anti-neiiritic vitamin to prevent this malady in birds, but not enough 
of it to prevent beri-beri in man. The conclusion has- been forced upon me 
that in localities where b<iri-b(Ti is endemic there is some other undiscovered 
factor which is its essential cause, and the operation of which is pnivented 
by the use of a diet which contains the so-called anti-neuritic or anti-beri-beri 
vitamin in abundance, as well as all the other essential requisites for perfect 
nutrition. 

Another result of the assumption that want of this vitamin is the sole cause 
of beri-beri is that the label “ anti-neuritic has been attached to it, thereby 
limiting our outlook in regard to the functions of this substance in the animal 
organism. So long as we think of it as being “ anti-neuritic ” only we cannot 
conceive of its having any other function to fulfil than to keep the ne rvous 
tissues in health. But it has an im])ortance in regard to other tissues of the 
body as well as to the nervous tissues, and this importance is as great, if not 
greater, than 'the other. No cell of the body, whether it be nerve cell 
or secretory cell, or mnsek^ cell, can adequately perform its function unless 
there be a sufficiency of this vitamin in the food. The cells concerned with 
digestion and absorption of food are dependent upon it for their proper 
action, those concerned with secretion, whether the secretion be that of milk 
or an internal secretion, .such as that provided by an organ like the pancreas, 
are dependent upon it; and the sooner we cease applying to this vitamin 
such restricted terms as “ anti-neuritic or " anti-beri-beri ” the better. 

Now I shall show you what is likely to happen to the gastro-intestinal 
tract and to the organs of digestion in animals, whose food is lacking in this 
vitamin, and has the other faults found always in diets where this vitamin 
is lacking. There is an idea abroad that faulty foods in common use are 
faulty only because they contain too little vitamins. This is a great mistake. 
The faults of such foods arc not confined to vitamins alone, but include others, 
such as excess of starch or sugar or both and deficiency of essential mineral 
elements. The results I have now to show you are due to the combination 
of food faults which are so commonly to be found in the dietaries of Europeans 
as well as of Indians. One of the chief effects of such faulty food is to bring 
about gastro-intestinal disep.se, and when it is remembered that no less than 
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one-quarter of all those who seek relief at our great hospitals do so for gastro¬ 
intestinal disease, it will be realised how vastly important is the knowledge 
that faulty food deficient in vitamins is the chief cause of it. One of the 
earliest effects of a diet of polished rice is to cause diarrhoea or dysentery. 
The tract becomes the prey of pathogenic bacteria or other pathogenic agents 
which it may happen to contain. The long-continued use of food deficient 
in vitamins gives rise to atrophic and degenerative changes in the cells which 
produce the digestive juices, in those also by whose means food is absorbed ; 
so that the food is not so well digested or assimilated ; it undergoes fermentation 
and putrefactive changes with the production of toxic substances, which 
in their turn contribute to the mal-bcing of the patient. A vicious circle 
is thus produced. Further, it caascs atrophic and degenerative changes in 
the neuro-muscular mechanism, which controls the movements of the gastro¬ 
intestinal tract, so that dilatations occur in various parts of it, colitis is 
set up. and ultimately the muscular walls and their nervous control become 
so impaired in function that difficulty arises in empt5dng the bowel of its 
contents. So constipation is brought about, and that very common condition 
to which Sir Arbuthnot Lane has given the name chronic gastro-intestinal 
stasis. In monkeys and guinea-pigs fed on such faulty foods I have even 
observed ulcers of the stomach and duodenum which have arisen in consequence 
of it, and on one occasion I found a recent cancer of the stomach in a monkey 
so fed which I suspect may have originated—indirectly, no doubt—-in the same 
way. These being among the effects of faulty food deficient in vitamins, 
you will understand why the people of Hunza, to whom I have referred, whose 
food has not these faults, are so remarkably free from gastro-intestinal 
ailments. 

In my opening remarks I referred to the pancreas—an organ having a great 
deal to do with digestion and also with the utilisation of sugar by the body. 
If certain cells of this organ become diseased or atrophied, sugar passes out of 
the body and diabetes results. From those cells a substance is now prepared, 
which is called “ insulin,” and when it is administered to persons suffering 
from diabetes the, disease is in many cases held in check. Now great as is 
this advance in the treatment of diabetes, it is not sufficient to control this 
malady. It is necessary to know how these cells of the pancreas, whose 
function it is to control the metabolism of sugar, become inefficient. Diabetes 
is very cojumon amongst the ricc-ealing classes of India if their habits be 
sedentary, and cspixially if they eat largely of sweetmeats. Now one of the 
effects of a rice diet is to cause atrophy of these cells of the pancreas, on whose 
functional perfections the normal metabolism of sugar depends. This atiophy 
is due very largely to chronic lack of vitamin B in the food, and it seems not 
improbable that chronic lack of this vitamin, together with the excessive 
consumption of polished rice and sugar by persons of sedentaryhabits, may 
prove to be among the chief causes of diabetes. 
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These, then, are some of the effects of faulty food deficient in vitamins in 
causing states of iU-health, but a number of other factors come into play in 
determining the production of disease under conditions of faulty nutrition. 
One of these is individual idiosyncrasy. Nothing has bee;i brought home 
to me more clearly in the course of my experimental workman the fact that 
one animal’s meat may be another animal’s poison. Some animals may do 
quite well on a diet on which others fail to flourish. Some may actually 
gain in weight on a diet which causes loss of weight in the majority. Some 
remain free from disease; others on the same diet develop divers diseases, m i 
die. There is no knowing which animals will suffer and which will esca * 
when the food is deficient in vitamins, but not wholly lacking in them. If it Ue 
wholly lacking in them all animals suffer alike. But in practice, and so far 
as man is concerned, it rarely or never is wholly lacking in them. In man 
it is with insufficiency of vitamins in an otherwise ill-balanced diet that 
we are mainly concerned, and not with complete want of these vitamins. 
So that in experiments on animals our great concern should be to find out 
what happens to them when their food contains an insufficiency of these 
vitamins, but is not devoid of them. The tnith is we know enough already 
about the effects of their complete want, but not enough about the effects of 
their insufficient supply. The problem always reminds me of that of want 
of oxygen. Few suffer from complete want of oxygen, and if they do this 
want is brought about by accidental causes, but many suffer from partial 
want of oxygen. So it is with vitamins. 

As an example of how different animals may be. affected in different ways 
by the same faulty food, I now show you a chart illustrating an experiment 
in which different effects were produced by the same rice diet in three pigeons. 
The rice used in this experiment was a “ beri-beri-producing ” rice : it was 
the actual rice in use by sufferers from this malady, and was, in fact, a par¬ 
boiled rice which was not markedly deficient in anti-neuritic vitamin. It 
was given to these three pigeons as their exclusive food, the control pigeons 
. being fed at the same time on a well-balanced diet of mixed grains. The 
birds were adults. You will notice that the controls on good food did not 
' suffer in any way, but the three pigeons on the rice diet all behaved differently. 
No. I. at first gained in weight for 10 days, then it lost weight rapidly, and 
died on the 35th day from invasion of its body by micro-organisms derived from 
its gastro-intestinal tract. The poor food caused this bird to becc ne the 
victim of a pathogenic agent, of which it was itself the " carrier.” Thv, second 
bird was apparently unaffected by the rice diet and did not even lose vcight. 
The third developed “ beri-beri ” from which it died on the 57th day. It, too, 
was the “ carrier ” or the producer of some agent which imparted beri-beri- 
like characters to the polyneuritis resulting from a rice diet. I could give you 
many illustrations of a like kind, but this will serve to emphasise thevarsdng 
effects of the same faulty food, which may be observed in different individuals. 
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The greatest of all disease-producing agents which come into oi^)cration when 
the food of animals or of man is deficient in vitamins and faulty in other regards 
are pathogenic organisms (bacterial and other). When one takes a number 
of animals and desires to observe the effects upon them of n. deficient food, 
the conditions of the experiment are not precisely alike in each individual, 
even though the faulty food given to them be the same, and the conditions 
of life under which they live during the course of the experiment be the same. 
The conditions of the experiment would only be the same if all the animals 
used were like so many clean test-tubes, into which we put certain reagents, 
expecting to get the same reactions in all. We sometimes do get the same 
reactions in many of the animals, but often we do not, and for this reason, 
among others, that no group of animals is like a group of clean test-tubes. 
In fact, they are more like test-tubes which already contain other and varying 
ingredients that are likely to complicate our reactions. Their intestinal 
tracts, for instance, may contain bacteria or other pathogenic agents of widely 
different character. In this connexion one experiment on wild monkeys 
impressed me greatly: a number of these animals were confined in the same 
room, each in its own cage. Some were given a well-balanced natural food, 
rich in vitamins, others the same food, w^hich had been subjected to 
prolonged heat in the autoclave, in order to destroy these vitamins. 
The first group remained in perfect health: the second, on the 
vitamin poor food, showed many examples of amoebic dysentery. I found 
that some of the monkeys which received the good food were “ carriers 
of the amoeba which is associated with this form of dysentery, but whereas 
they wxTe protected from dysentery by the good food, those receiving 
the vitaminlcss food developed it. There were in the room in which the 
animals were confined equal chances for all to become infected with the 
dysentery-producing organism—the .same flies, the same animal attendants, 
the same dishes, but the determining factor in the production of this malady 
was none of these things, but was faulty nutrition. This observation has 
a very important bearing on the question of the high incidence of dysentery in 
the jails of Bengal. • The effects of faulty food may, therefore,.vary with the 
different distribution of pathogenic agents in different individuals; but the fortui¬ 
tous intervention of pathogenic agents in causing disease under conditions of 
faulty nutrition is not only a question of the distribution of these agents in 
different individuals, but is also a question of the geographical distribution 
of such agents. I have often given the same faulty food to animals obtained 
from different localities, and found that they developed different maladies 
depending on the particular pathogenic agents which they happened to have 
brought with them from their respective places of birth. Before I left India 
I succeeded in producing a malady in pigeons having all the characters of true 
beri-beri in man, but this malady appeared only in birds obtained from a 
locality where the human disease occurred : it did not appear in others obtained 
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from a locality where the human disease did not occur, although the latter 
were fed on the same rice as the former. The distribution of beri-beri as an 
endemic in India is a very limited one : it has not extended its endemic borders 
during the last loo years, although many millions of people outside these 
borders habitually use a rice-legume dief which is as faulty as that used by 
people within these borders, who develop beri-beri. Peculiarities in the 
geographical distribution of pathogemic agents, whether these be bacteria 
or poisons, is, I believe, very important in relation to the morbid effects 
associated with faulty food. But perfect nutrition serves to control the 
operation of these agents, so that in a locaUty where beri-beri is endemic the 
best way to escape it or to recover from it is to use a well-balanced diet, rich in 
those vitamins with whose insufficiency in the food this disease is associated. 
The worn tread of a motor-car tyre makes puncture of the inner tube inevitable, 
but it is the discarded hob-nail from the labourer’s boot, or other similar 
agent, which causes the puncture ; and while the worn tread may travel far 
in some localities without encountering a hob-nail, it will travel less far in 
others. The best way to escape puncture is to keep the tread perfect: so it 
is with perfect nutrition and the pathogenic agents of disease. 

Before bringing my remarks to an end, T may mention another problem 
in regard to food which is of great interest. It is this : Does the nutritive 
and vitamin value of cereals vary with the conditions of their growth ? 
During the course of an exhaustive inquiry into the food v.ilue of the various 
rices in common use in India, J had reason to suspect that such might be 
the case. I found that various paddies varied considerably in their nutritive 
values. I could find no reason for this in their chemical composition. So 
it occurred to me that it might be due to differences in their content of vitamins, 
i.e,, of substances which arc incapable of detection by chemical means. Such 
differences might, I thought, be brought about by differences in soil or manure, 
or other conditions of growth of the grains. It was not possible to put this 
conception to the test in the case of rice, but it was possible to do so if I used 
millet, which is another staple grain largely used in In 3 ia. Accordingly, 
Dr. Norris, Agricultural Chemist, to the Madras Gk)vemment, had 
nine of the experimental plots at the Agricultural Farm, Coimbatore, sown 
with the same millet seed. These plots have been in existence for 15 
years or so and have been manured in different ways. One had no manure 
at all all this time; another was nlanured with nitrates ; another with 
phosphates; another with potash; others with various combinations of 
the^, including one which received a complete chemical manure; the ninth 
plot had been manured with the natural manure of cattlq. When the time 
came these various plots were cropped, the crops weighed and samples from 
each crop analysed by Dr. Norris. There were the usual variations in quantity 
of the crops, and the usual differences in chemical composition associated 
with different forms of manuring, but the chemical analysis provided no 
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consistent evidence that the nutritive value of the different samples might vary 
because of variations in certain chemical constituents of the grain. When 
I came to test the quality of these grains by feeding experiments on animals, 
I foimd that the millet grown on soil manured with natural cattle manure 
was more nutritious and contained more vitamins than that grown on soil 
manured with artificial manure ; that grown on an exhausted soil being the 
worst of all in these respects. I was in the middle of this work when my 
researches came to an untimely end owing to financial retrenchments in India, 
so I was not able to repeat the experiments, nor to extend them to other grains. 
I wish, therefore, to be very guarded in drawing conclusions from them, but 
it does seem that the nutritive and vitamin values of millet seeds depend on 
the manurial conditions of their growth. This observation opens up a field 
of investigation wliich may prove to be of great importance, not only for 
India, but for other countries. 

The considerations I have raised in tlic course of this paper will have shown 
you how wide is the net which the study of nutritional problems casts : 
physicians, surgeons, dentists, specialists in every branch of medicine, veterinary 
surgeons, pathologists, chemists, physiologists, bacteriologists and agricul¬ 
turists arc embraced by it; and each can contribute something to the 
solution of these problems. But they are the concern also of teachers in 
our schools, and of statesmen, who by spreading the knowledge already acquired, 
or by its application, can do much to improve the physical efficiency and well¬ 
being of our peoples. There is often so much in the results of scientific research 
that has not always an immediate applicability to the good of humanity. 
The newer knowledge of nutrition is not amongst their number. I would 
urge on the young profession of medicine in India to study these problems of 
nutrition for themselves, for they lie at the root of many of the diseases by 
which their vast country is afflicted. 


DISCUSSION. 

Tiiii ('IIAIRMAN (Professor Henry E. Armstrong), in opening the discussion, 
said he thought all would agree that C'olonol McCarrison's address was of great 
public importance, not only full of meat, but of milk and vegetable.s, too. One 
often talked of the ‘ ills that flesh is heir to,” but the probability was that many, 
if not most of those ills were conditioned by faulty feeding, and it was to be feared 
that the food of to-day was not so good as the food of years ago, before the intro¬ 
duction of cold storage and of canned articles of diet. Milk was poorer in a\'erage 
quality, though now improving ; bread was poor ; a large proportion of the meat 
was poor in quality—it was less palatable because of the .system of cold storage, 
whereby natural changes were prevented which formerly were allowed to take 
place, during hanging, before •the joint was cooked; too much of our food was 
canned; probably we drank far too much tea and many people smoked too much 
tobacco. Another article in food not sullficiently considered which probably had 
slight effect upon the public health was the antiseptic. He was seriously of opinion 
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that the antiseptic most used but generally regarded as a very mild one was the 
most dangerous in the long run—boric acid. The extent to wliicli boric acid was 
put into our food was very serious. lie spoke not merely from a general point of 
view, but from his own experimental observations and knowledge of the extra¬ 
ordinary chemical activity of boric acid. Colonel McCarrison’s paper .should be 
regarded as of immediate importance in connexion with tlie intjuiry which the 
Government was instituting through an agricultural conference into our national 
food policy. One party was advocating that we should abandon pasture or at all 
events that we should lay down a much larger proportion of our land f o the growth 
of cereal crops. Those wlui knew something of the condition of the pasture land 
in England were aware tliat much of it was very poor indeed in qualit^^ His own 
feciiiig was that the issue ought also to be looked into from the alternative point 
of view of bringing our pasture land up to the highest level possible and producing 
as much good meat and good milk as pos.sible, so placing the land in such condition 
that we could, at any moment, if necessary, grow potatoes and cereals on it, the 
while wc should get all the wheat we could from abroad and be long sighted and 
put capital into the soil in tlie form of phosphates, so developing our land with an 
eye to the future. Our position with regard to the supply of vegetables was a 
wicked one. The meeting had heard from Colonel McCarrison that everything 
we knew tended to suppcjrt the opinion he had put forward, that fresh vegetable 
food was of primary importance. ICvery housekeeper knew that no part of our 
food .supply was more difficult to (ibiain in a proper condition or was more ex¬ 
pensive. The supply was in the hands of a class of people wlio were of tlic lowest 
type among traders, 'they did their work, in a way, with extraordinary efficiency, 
but the status of I lie trade was low, and the supply of vegetables was not what 
it should be: it was often stale, and tluere was great waste, as producer and con¬ 
sumer were too far apart. 'Phe public attitude towards vegetable food, especially 
uncooked vegetables, was not what it should be. One might go where one would 
on the Continent, the fresh salad was a necessary constituent of the chief meal; 
it was not a necessar^^ constituf'iit of our English diet, and in this country we ate 
relatively little fruit. We had never yet learned to feed rationally. In the old 
days, when we lived in the country, we were fed magnificently, but town conditions 
had altered the state of affairs altogether. 

The subject was one of extraordinary difficulty and the Society was to be 
congratulated upon having the problems of diet brought before it by one who had 
had so broad an experience and had been able to collect his evidence over so wide 
an area among so many peoples. Only the previous week he (the speaker) had 
been reading a book by Ur. McGovern, describing his walk to Lhasa through Tibet. 
The account given in that book of the food eaten by the villagers was very remark¬ 
able, in great contrast with wiiat Colonel McCarrison had stated to be the habits 
of the Kashmir j)coples. The Tibetans regarded milk as an unclean material 
and would not drink it; neither chickens nor eggs were eaten. The people lived on 
raw 37ak meat, barley meal* and tea. The water had to be boiled and drunk as 
tea to make it safe. They had neither vegetables nor fruit. Yet the people did well 
on such a diet—doubtless because thej/^ ate raw meat. In this country we made 
the mistake of cooking all our meat, even our milk. It would be better if we 
ate our beefsteak raw, as the Germans used to do. 

Colonel McCarrison had raised a very important question, at the close of his 
paper, in his reference to th6 possible influence of manurial treatment on the quality 
of crops. There could be no doubt that there was a difference in food materials 
produced under conditions of incomplete manuring; they had not the quality of 
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those produced when the plant liad a whole diet. The problem was one which was 
very difficult of solution and it was much to be deplored that, at the moment 
when Colonel McCarrison's inquiry was becoming of such importance, his work 
should have been closed down. He had Jiad to lament from tliat platform, before 
that.day, in connexion with Indigo,* the attitude of the Government of India 
with regard to problems of the kind. The instance whicli ('olonel AlcCarrison 
had brought before the meeting was only anotlier illustration of tlie fact t(j which 
he had already called attention in that room, only two days previously, that we 
were making no proper public use of science to-day : scientific method did not enter 
into politics nor into government. If politicians had any conception of the value, 
especially to a country like India, which was so poorly fed, of imphries of the kind 
described in the paper, they could not possibly, for a moment, contemplate the 
discontinuance of work such as Colonel McCarrison's. The subject was one, 
however, which required workers of a far less academic type than those who had 
dealt with it hitherto. It required to b(i dealt with from the broad point of view 
whicli Colonel McCarrison had displayed, and it was to be hoped that, now the 
subject was assuming public importance, it would be treated in a more suitable way. 
Only the previous day there was a paragraph in the Tihie^, calling attention 
to the publication of a White I^iper from the Home Office dealing with the diet 
of children, in whicli Dr. Culverwell said that parents ought to include all the 
milk and the vegetable food they could afford in their children’s diet. 

It had been hoped that the Secretary of State for India, Lord Birkenhead, 
would be able to attend the meeting ; unfortunately he had been prevented, owing 
to absence from London. Sir Arthur Keith, who also was unable to be present, 
in his letter of regret referred to Colonel McCarrison’s discoveries as of “ great 
value.” I'ortunatcly, there were several present who could speak from experience 
and with authority. 

Sir William H. Willcox, K.C.I.E., C.B., C.M.G., M.D., F.R.C.P., expressed his 
admiration not only of the brilliant paper which Colonel McCarrison had just read, 
but also of his work during many years, which had culminated in that paper and 
others of a similar kind. The subject of diet was one in which he (the speaker) 
had for many years been interested, and during the war it was his lot to serve 
in the two campaigns in which deficiency disease was most prevalent—namely, 
in the Dardanelles, and, for three years, in Mesopotamia, where he supposed a 
larger number of cases of scurvy occurred than had ever been recorded previously 
in the world's history. He regarded the paper as of great value, not only on 
account of what Colonel McCarrison had done and what he had taught those 
interested in the subject, but also because he had altered the conception of the whole 
question of diet. It was he who first showed that if animals were fed on inadequate 
diet, not only did they suffer from malnutrition, and might die from that cause, 
but were predisposed tp diseases. The diet altered the power of resistance to 
disease, and the animal which was badly fed suffered in the functioning of all the 
organs which produced the secretions necessary for good health—the endocrine 
glands. Colonel McCarrison was, he thought, the first to point out that defective 
diets led to errors in the glands themselves and in their functioning. In 
Mesopotamia the British troops were fed on a dietary which did not include fresh 
vegetables and fresh milk, as they were unobtainable. The diet consisted of bread 
and biscuits made of the sort of flour we all ate to-day—the highly milled flour 
—and jam and tinned meat. In that diet, especially owing to "the flour, the 
vitamins which gave protection from beri-beri were absent; therefore, the British 
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troops developed beri-beri. They were able to get a certain amount of fresh 
meat, and that apparently protected them from scurvy. As he had pointed 
out in a paper in 1919, the British troops had a better balance in the bank when 
they arrived there. The vitamins were more or less cumulative in the body, so 
that if we lived on the right kind of food we* stored up enough vitamins to serve 
us for several days. For that reason the British troops were more resistant than 
the Indian troops. The Indian troops were living on atta (whole-meal flour), 
dal (lentils) ; and they did not like meat. That diet, though protective against 
beii-beri, was scorbutic. In 1916 something like 20,000 cases of scurvy occurred 
among tlie Indian troops, and he had had an opportunity of seeing and classifying 
a very large number of those cases. That experience confirmed in a very marked 
manlier what the reader of tJie paper had told them. He wished to ask Colonel 
McCarrison whether the present diet of the Indian soldiers was similar to that before 
the war ; in Februarj^ 1917, a ration was issued which was practically the same as 
the Indian troops had before the war, and had the property of causing scurvy. Many 
people in England to-day were suffering from defective diet, and there was no doubt 
that that diet predisposed to disease, to improper physical development and to 
defective teeth ; it was also associated with defects in fecundity. Legislation could 
not proceed in advance of public opinion. Therefore, it was necessary to educate 
public opinion. He had recently had an opportunity of going over one of the best 
ilour mills in this country. In a sack of com there was an extraordinar}* collection of 
stones, excretal matter, and all sorts of things. Those foreign bodies were got rid of, 
and then there was the wonderful process of milling. It was perfectly marvellous 
how the various constituents of the wheat grain were separated out. He had asked 
why the millers produced the defective flour of which Colonel McCarrison had 
spoken. The answer was that the public would not have anything else. When a 
campaign was started in certain new.spapcrs there was a demand for whole-meal 
flour, but after a few days it became unpopular, and the millers would very soon be 
in the workhouse if they did not supply the particular kind of flour which had been 
condemned. 


Sir Charlf-s H. Bfdfokd, D.C.L., LL.D., D.Sc., M.D., late I.M.S., said that 
Colonel McCarrison was tlie greatest living exponent of the causation of goitre, and 
his work on the various deficiency and other diseases had filled them with admira¬ 
tion, especially considering the difficult conditions under which work in India was 
often carried on. In order to educate public opinion in this matter of correct diet, 
it was necessary that medical men, who must necessarily guide public opinion, 
should agree and express clear opinions on the subject. Those opinions, he took it, 
did not exist to-day, and the general principles should be enunciated by some body 
of such authority—for example, the Royal Society or the Royal Society of Medicine 
—that it could co-ordinate the scientific worker and the practical clinical worker. 
Unfortunately, professional opinion on the subject of dietetics was in a somewhat 
chaotic condition. He thought most well-informed doctors were clearly of the 
opinion that the “ living foods," such as uncooked vegetables, were of great 
importance. He would like to ask Colonel McCarrison whether he had ever had 
occasion to examine a postulate which was very frequently stated, especially in 
American text-books, as regards the mixing of starchy foods with proteins, sugar 
or fruits. That was anathema to a certain type of dietists. They said that 
one might eat starches, vegetables and salads, but one must not eat proteins 
or fruits. Why ? Such points as that needed clearing up in an authoritative 
fashion. The Chinese had a proverb which we might do well to lay to heart. 
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especially in this country—“ Look to the mouth : diseases enter there." A very 
large number of our diseases were due to a badly-balanced diet, t.c., one seriously 
defective, qualitatively and quantitatively, in the relative proportions taken 
of the chief food groups (proteins, carboliydrates, fats, salts, etc.). Any Govern¬ 
ment which neglected the conditions of the food supply of the country was neglecting 
its duty gravely ; therefore, his plea was for a better standardisation and a greater 
popularisation of our knowledge on the subject, and on that basis should be built 
a great educational campaign. He personally would look to Colonel McCarrison 
as one of the guides in such a campaign. 


Colonel W. G. King, C.I.E., late I.M.S., said that Colonel McCarrison had ended 
his highly interesting address by exhorting research workers to investigate nutri¬ 
tional problems—expert workers concerned both with man and beast. That meant 
that up to 192 j from the date when Adam ate his first apple, there had been no full 
experience of what mankind should eat. There had, however, been collected a 
vast deal of practical experience, and so far as the individual was concerned no doubt 
the old saying was applicable—“ ('ne man’s meat is another man’s poison. ” The 
history of the ('rimean and Boer Wars showed the necessity for the co¬ 
ordination of scientific and practical knowledge. The troops were sent to the 
Crimea on a diet inferior to that of the garrisons at home, and our troops were sent 
to the Boer War on a diet less than that of criminals at home. As regards India, 
it was a fact that the Madras jails were run by the East India Company and under 
the Government up to 1866 entirely on a rice ration. No doubt, without due 
investigation either of the science of matter or of the habits of the people, it was 
concluded that Indian diet was rice. The result was a mortality in the large jails 
of 107 per mille. Surgeon-(General Cornish had investigated the diet of the natives 
for the benefit of the British Association, whicli had initiated an enquiry in India on 
the subject, lie represented to the Government the error of conducting those jails 
on a diet (jf rice, although the natural diet of five-sixths of the population of the 
Madras Presidency at that time was dried grain. From 107 per mille the death-rate 
went on an average of eight years to 22 per mille. In the 1876-8 famine in India a 
great authority in the Government of India insisted that one pound of dry grain per 
day was sufficient for adults. That was in a famine which cost, ultimately, a 
decrease of 3J millions in the population. In contrast they had the fact that before 
hostilities commenced in the Great War the ration for the British soldiers was not 
only scientifically but practically tested. In India many years ago Henry King had 
found what (Colonel McCarrison had said—namely, that grains on soil which had been 
deprived of nutritive power became toxic. Lieut.-Col. Sir Walter Buchanan 
had set to work to try and educate the Bengalis who passed through his jail that a 
combination of wheat and rice was much better than a plain rice diet. Last, but 
not least. Colonel McCarrison, on joining the Indian Medical Service and ever since, 
had worked independently in a magnificent manner, with results that were well 
known, not only with reference to goitre but to dietetics generally. 

In India geographical distribution of races bound by religious or caste rulings 
limite J choice of nutriments at all times, whilst under unfavourable meteorological 
conditions such restrictions aggravated scarcity to the threatening of life amongst 
millions of people. The very Budget of the Government of India had been pro¬ 
nounced a “ gamble with rain.“ In such a country, it should be evident that were 
the work of the solid character effected by Colonel McCarrison in relation to human 
beings co-ordinated with the excellent scientific research efforts of the Agricultural 
Department of the Government of India, it could not fail to be of both humani- 
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taxian and financial benefit to the country. Yet, Colonel McCarrison told them 
that, owing to financial retrenchment by that Government, his researches had been 
abruptly closed. Here, again, the “practical man” with his conception of the 
triviality of scientific research had interposed and decreed indefinite delay—^just 
as occurred in the case of Sir Ronald Ross wlien dealing with the great malaria 
problem. Could the gain by retrenchment in this case be reasonably balanced 
against the loss of important research results—advanced almost to the point of 
completion ? So long as Colonel McCarrison was on the cadre of the now 
moribund Indian Medical Service, his full pay must be forthcoming whatever his 
employment. Resuming the Indian Research Fund could not meet the charge, tlie 
extra strain upon Government finances would be a small percentage of that pay ; 
for vhe rest, his current laboratory expenses would be met. It seemed most impolitic 
to have interrupted valuable work by a specialist to effect so small an economy, 
If ultimate recovery of funds so expended was essential, in the next famine were the 
Government of India to so far utilise present day advance in dietetics as to issue 
in the Provincial Famine Codes a table of calories for the standard diets, based on 
the nutrient value of the respective grains relied upon, instead of indiscriminately 
prescribing the same weight throughout India—without relation to such values— 
they would recoup the expenditure a thousand-fold, and prevent the possibility 
of inequable treatment of famine-workers according to areas inhabited. Both 
those who had scientific research at heart as well as those who would aid the welfare 
of the people of India—more especially of the almost voiceless agricultural labourer 
—might well regard it as a matter of duty to utilise any influence they might 
possess to require the revoking of a decision—the only reasonable excuse for which 
was that it was arrived at during a period of temporary panic occasioned by a 
defective Budget. 

Colonel Sir Charles E. Yate, Bt., C.S.I., C.M.G., said he was not an expert, 
but he had been very interested in the question raised by Sir William Willcox as 
to whether any change had been made in the diet of the Indian sepoy to prevent 
the recurrence of scurvy. A curious instance had been given by Sir William Willcox 
of how the dietary of the British soldier in Mesopotamia brought on beri-beri, and 
the dietary of the Indian soldier brought on scurvy. The rationing of the Indian 
soldier had lately been taken over by the Government. Formerly the Indian 
soldiers bought their own rations, and much preferred to do so. He would like to 
know what had been done to ensure that the food of the Indian troops should be 
sufi&ciently rich in vitamins. With regard to the Chairman’s remark as to the 
necessity, in his opinion, of increasing the area and quality of the pasture land, it had 
been the object of a good many people for some years to try and increase the 
amount of arable land in the country and to induce a larger number of people 
to take up work on the land, so as to improve the health of the population of 
England and grow more for ourselves. He believed the Chairman took the exactly 
opposite view. A committee was at present sitting to go into the whole question 
of agriculture. He hoped the Chairman would give evidence before that committee, 
and state the reasons for his opinions, and that the opposite side of the question 
would be brought out also, so that a rational solution could be reached. It would 
be interesting to see the arguments advanced on both sides. 

Mr. N. M. Muzumdar associated himself with the previous speakers in con¬ 
gratulating Colonel McCarrison on what was a most interesting and instructive 
paper on a subject that vitally concerned the health and wellbeing of the people. 
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Health and efficiency always went together, and nowhere perliaps in the world 
were human vitality, efficiency, and resistance to disease so low as in India, 
owing to insanitation and the ravages of pestilence and famine. He could only 
speak as a layman ; and though it was perfectly true that money made a man, 
and no less did food, he was inclined to think that, apart from food, there were 
perhaps other factors that determined the physique, energy, vitality, and efficiency, 
of a people. Heredity was, after all, the accumulated result of ages; but even 
apart from heredity there was such a thing as the geographical factor. The Rajputs, 
for instance, whose physique and warlike qualities the reader of the paper was inclined 
to put down to their ideal food, had acquired those qualities for other reasons too. 
Perched on the Aravalli Mountains, stretching from the Ridge at Delhi to Mount 
Abu, the Rajputs had always been exposed to wave after wave of invasion from 
across the North-West and were always the defenders of India on the country’s 
third line of defence, the first being the frontier ranges inhabited by the Pathans 
and the Dogras, and the second the desert of Thar. It was, therefore, their 
history, geographical surroundings, and tradition that determined their occupation 
and their qualities. On the other liand, the Bengali lived on a rich alluvial soil, 
the very fertility of which made for an easy life, with the result that Bengal had 
produced scholars, lawyers, artists, theologians, scientists, po^ts, and politicians. 
As against that, the people of the Gujerat had always been traders. At the exit 
of the two great cotton valleys, centred at the two great old ports of Surat and 
Broach, with cotton on one side and the sea on the other, they naturally became 
traders and did not perhaps need the food that the warriors of the North needed. 
So much, therefore, depended also on occupation. On the Malabar Coast, rice 
was the staple product on a soil water-logged by the waters that tumbled down the 
Ghats, and the sea and the creeks were an easy source of fish. 

The point was that food itself was determined by the nature of the produce of 
the soil in which the people lived. Somebody said that caste played an important 
part in determining the nature of food. But it was curious that the Brahmins 
of India were not all vegetarians ; they were certainly not in Bengal, nor in the 
North. It might, therefore, be said that food itself was determined by occupa¬ 
tion, geographical surroundings and the conditions of climate. And it would be 
interesting to compare life tables and vital statistics to judge the value of foods, 
taking into account factors like the above. Incidentally, he would ask the 
reader of the paper, who had rightly laid great stress on the value of lactic pro¬ 
ducts, if the vitamin content of milk and ghee, for instance, was lost in boiling or 
cooking. Also whether vegetable oils and vegetable “ butter,” used nowadays as 
substitutes, contained any vitamins. 

Six or seven years ago he first came in contact with Colonel McCarrison in the 
matter of a Central Medical Research Institute scheme which Colonel McCarrison 
had much at heart. Such an Institute would have helped more fully to investigate 
problems of this kind, and though private benefactors were ready to help in its 
establishment, it took four years of negotiations with the Government of India to 
mature the scheme, and it almost materialised, when it was suddenly cut out for 
reasons of financial retrenchment. That one could perhaps understand. But 
what one could not understand was the very short-sighted policy of cutting out, 
even for such reasons, the very valuable work that Colonel McCarrison was doing, 
work that would have paid any country a thousand-fold, work immeasurable 
indeed in terms of mere money. 

Dr. C. Muthu after referring to the invaluable service rendered to India by 
Dr. McCarrison’s investigations, said the question of nutrition vitally concerned the 
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physical efficiency of every nation. Faulty and deficient foods led to faulty nutri¬ 
tion which brought in its train inefficiency and ill-health. Civilisation meant 
tinned foods, refined foods, and stale foods—foods which were deficient in vitamins, 
proteins, and mineral elements, all of which were necessary for the growth and 
well-being of man. Take for instance, tuberculosis, which he (the speaker) had often 
shown to be a deficiency disease—deficiency of air, and light, and nutrition, causing 
lowered resistance, and opening the door to diseased conditions. How 
could they expect people living in the slums and fed chiefly on margarine, white 
bread and tea—foods deficient in vitamins which were so essential to growth and 
life—to be strong and vigorous ? So in India. Time was when Indian women in 
ever^»^ household pounded their rice in large mortars and thus preserved all the 
germ, proteins and mineral found in the rice. But with the introduction of rice 
mills and the decorticating and polishing of rice, the majority of these essential 
proteins, etc., were lost and the nutritive value of rice as a food was considerably 
lowered. He was afraid that the introduction of polished rice in India would bring 
about lowered physique and degeneration of the Indian people. Poverty in India was 
bad enough. Living chiefly on rice, the staple food of millions in India, was bad 
enough. Pice diet, as Dr. McCarrison said, was poor in protein, vitamins and 
mineral elements, but it was worse when it was deprived of the little it had by milling 
and polisliing. No wonder that the millions of rice eating Indians of the present 
day showed so little resistance to disease, and easily fell victims l:y tens of thousands 
to any epidemic that overtook them. Dr. McCarrison had proved himself the 
friend of India by pointing out the dangers of faulty and inelficient foods such as 
milled rice. It was nothing short of a calamity that India should be deprived of his 
services for his research work in India involved the welfare of millions of Indians. 
He (Dr. Muthu), hoped that the Indian Government would see its way to send Dr. 
McCarrison back to India to carry on his labour of love. 

General Sir Edmund Barrow, G.C.B., G.C.S.I., in proposing a vote of thanks 
to Colonel McCarrison, said that although every one would go away with regret that 
they had been feeding on the wrong products for most of their lives, that would not 
lessen the thanks of the meeting to Colonel McCarrison for putting those present on 
the right lines. 

Dr. J. Augustus Voelcker, M.A., in seconding the motion, said that Colonel 
McCarrison's address had been a very fitting supplement to a series of lectures which 
had been given before the Society not long ago by the distinguished Chairman of 
that meeting. Whether the people of-England would follow the example of some 
of the better races, and take the food that they had been taking, was a question ; 
and he thought it would depend a good deal on the ladies—whether they would be 
inclined to carry their babies about for two and a half years and feed them for that 
period. But there were some directions, at all events, in which we could improve, 
and the Chairman, among others, had pointed out that not only were the vitamins 
of infinite use, but also that we ought to abstain from the use of antiseptics. He 
would not go into the various highly interesting agricultural questions that had been 
raised, but the lecturer had perhaps thrown a further light upon what he had always 
believed—that there was some virtue in the good, old-fashioned farmyard manure 
which did not exist in artificial manures. 

Colonel McCarrison, in reply, said that his answer to the objection of certain 
American investigators to mixing fruit and carbo-hydrates would be that these 
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articles of food were found combined in nature; they were, therefore, suitable 
for use together. With regard to the question as to the eflect of heat on ghee, 
no doubt it destroyed a certain amount of vitamins, but only a certain amount. 
For instance, the vitamin C was destoyed by heat, but the vitamin B was not 
destrpyed except by a very high degree of temperature. So far as he knew, the 
ration of the Indian soldier had been altered very considerably for the better of 
late years. In conclusion, he thanked the meeting most heartily for the way in 
which he had been received. 


THE ARTIFICIAL SILK INDUSTRY IN FRANCE. 

'I'he stnnigly increased demand throughout the world, in recent years, for silk, 
artificial silk, and mixed silks (silk or artificial silk blended with woollen or cotton) 
has given for various reasons an immense stimulus to the artificial silk industry. 
The high price of raw silk, ami the insistent demand among all classes for silk 
goods, more particularly the vogue of the silken hose, have encouraged the employ¬ 
ment ()f the substitute for real silk. The output of artificial silks has no cloui)t 
already surpassed considerably in weight that of the pure silk industry. In the 
ten years ic)i3-Tq23 the total annual artificial silk production of the world has 
tripled from about eleven to about thirty-three thousand tons ; but that of silk 
has remained stationary. The United States has been mainlv responsible for the 
remarkable expan.sion of an industry whicli lias had scarcely more than thirty 
years of effective existence, by raising her annual output over twentvfold—from 
7*00 to 13,000 tons ; but France and Belgium have each more than doubled theirs 
(from 1,500 to 3,200 tons) ; Italy has tripled hers, and now produces about 3,000 
tons ; and Germany, with 5,000 tons, has an output nearly 50 per cent, superior to 
her pre-war figure. American production, which is stated to be still making great 
strides forward, is expected to show within about a year the annual capacity of 
20,000 tons. 

Although f^'rance has notablv increased her output, writes the Commercial 
Counsellor to H.M. ICmbassy in Paris, yet since the period of intense prosperity in 
her finished textiles and hosiery trades which set in towards the close of 1921, the 
principal users such as the silk fabric, hosiery and knitted goods centres (Lyons 
region, Troyes, Lille, Roubaix, Tourcoing, Mulhouse, and numerous smaller centres 
in the south) and the net and embroidery to\vns (Calais, Caudry, St. Quentin) have 
been forced to draw large supplies from foreign countries, especially from Belgium, 
owing to the total insufficiency of the home production. As a consequence of this 
sustained demand and the profitable nature of the industry in general, new capital 
both French and foreign is now being attracted for the foundation of artificial silk 
factories, and at the present time several enterprises are being or are about to be 
established in various parts of the country. 

Two regions are being especially favoured. The Lyons area, the age-long centre 
of the pure silk industry, where already a considerable quantity of artificial silk 
is employed for mixing in piece-goods or for ties, ribbons and trimmings (St. Etienne, 
St. diamond), Jilready possesses several factories, and is naturally calculated to 
take a leading place in this industry, which bids fair soon to match and even to sur¬ 
pass the old in importance of output of finished goods in France. At the present 
time three-quarters of the factories in operation are situated in the Lyons or southern 
districts, and at least two very important factories in course of construction arc 
situated in the suburbs of Lyons. North of Paris the great textile agglomeration, 
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Lille-Roubaix-Toiircoing, is a great consumer of artificial silk for hosiery goods and 
mixed fabrics, whilst Troyes, tlie greatest single hosiery centre, acquires about 
1,300-1,400 kilogrammes a day. Several factories are being planned for the northern 
region, at Rouen, Valenciennes, Clairoy, etc. 

As regards the relative output in the four standard systems (i) nitrocellulose, 
(2) copper-ammoniac, (3) viscose, and (4) acetate of cellulose, it would appear that 
the viscose process is employed for the vast bulk of the present output in Rrance. 
The first-named, the original process used by the effective inventor (Chardonnet) 
of artificial silk at Resancon, is .stated to be now in operation only at the Rennes 
works of the Societe de la Soic Artificielle, whilst the second is being abandoned 
even at the one or two factories where it was followed. All the existing factories 
(save the one just cited) manufacture on the viscose system. Tlie fourth method 
is, however, coming into favour, as it yields a more lustrous, supple, damp-resisting 
fibre than the others ; it is being practised by the Usines du Rhone, and the great 
new Tubizc concern in France will employ it. 


WIND, WAVE AND SWELL ON THE NORTH ATLANTIC OCEAN. 

A paper on “ Wind, Wave and Swell on the North Atlantic Ocean ” was read 
before the British Association, Section E (Geography), at Toronto, by Dr. Vaughan 
Corni.sh. 

During a voyage from Southampton to Trinidad and back by R.M.S. Ornha 
the author took the period of the waves several times daily, from which their 
speed was calculated. The speed of the wind was ascertained by means of a Robin- 
.son anemometer, due allowance being made for the speed of ship and direction 
of wind. 

The water is very deep from a short distance beyond Lshant, and free from 
strong currents as far as Barbados. The speed of the wind ranged from 13.9 to 
23.6 .statute miles per hour. That of the waves was in all cases less, the difference 
ranging from 1.0 mile an hour to a little more than 8.0 miles an hour. The latter is 
sufficient to keep a light flag flying. Anything less than i mile an hour is reckoned 
a calm. The difference was not proportional to the speed of the wind ; nevertheless 
a relationship emerges when account is taken of the observations which were made 
simultaneously of the swell of the sea. When swell and wave ran precisely in the 
same direction (as sometimes occurred in the region of the Trade winds) and on 
one day when no swell was recorded, the speed of the wave was so nearly equal to 
that of the wind that the breeze blowing over the ridges was only equal to the 
“ light air” which barely suffices to give steerage way to a fishing smack. Such 
a light air would be detected on land by drift of smoke, but would not move a wind- 
vane. Thus there was no longer a battle between wind and wave. 

When the swell followed but crossed the wave the difference in speed of wind and 
wave was greater, and this difference increased rapidly when the crossing swelling 
swell was meeting, instead of following the wave. When the waves were much 
slower than the wind their height was always small, and sometimes their fronts 
were short and irregular. It was evident that the growth of waves in both length 
and height was much hindered by a crossing swell, and it can be safely inferred 
that the general absence of swell is a sufficient reason for the rapid rise of waves 
upon enclosed seas. When a wind comes on to blow in the direction of the ocean 
swell with a speed greater than that of the swell, the growth of large, steep, waves 
is very rapid (doubtless even more rapid than their growth from smooth water) 
but this occurrence is relatively rare in the North Atlantic. 
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The author found that the direction of the breaker out at sea was intermediate 
between tliat of wave and swell (the breaker being formed when they override) so 
that the practice of observing the direction of “ the curl on the water ’* as a metliod 
of determining the direction of the wind gives an erroneous result whenever there 
is a crossing swell, which is the usual condition upon the oceans. Tlie general 
run of the waves, on the contrary, shows the direction of the wind reliably. 


STATE AID TO COTTON AND TOBACCO CULTIVATION IN SPAIN. 

From the annual report of the Commercial Secretary to H.M. Embassy at Madrid 
it appears that the cultivation of cotton in the province of Granada has been 
commenced under Government protection, and has given very successful results. 
In June, 1923, the (TOvernment appointed a Commission, con.sisting of representa¬ 
tives of various Spanish industrial and agricultural bodies, to study the possibilities 
of cotton cultivation in Spain. This was followed by a Government grant of 10 
millions of pesetas, to be spread over a period of five years, l^urther legislation 
prohibited importation, circulation, and sowing of cotton seed, unless it had been 
examined by the State Cotton Commission and found to be free from disease and 
suited to the requirements of the Spanish cotton-growing districts. The clearing 
of consignments imported was restricted to the customs houses of ('adiz and 
Barcelona. Should this Government intervention result in the effective establish¬ 
ment of cotton cultivation, it would naturally be of great value, not only to Spain 
herself, but to other consuming countries, as the visible supplies of cotton are 
reported to be decreasing year by year. Experiments which have been carried 
out appear to show that the conditions of climate and soil are such as to inspire 
optimism, and it should not be forgotten that during the War of Secession, when 
supplies of cotton from the United States were cut off, considerable quantities were 
actually produced in Spain. 

In the same Report the Commercial Secretary states that the Spanish Government 
have authorised the State Tobacco Monopoly to make a trial of cultivation of 
tobacco in Spain, to the total number of 12,000,000 plants. These trials wdll be 
superintended by a commission, who will supply seeds at the price of 10 cents per 
gramme. Each cultivator will be required to sow 2,000 plants as a minimum. 
Prices payable at warehouse for the dry leaf will vary from 2.50 pesetas to t 
peseta per kilogramme, according to quality. In Valencia and throughout the 
Levant district the cultivation of tobacco should give very good returns as, apart 
from the manuring of the soil before planting, the cultivation is a comparatively 
simple matter. 


MEETINGS OF THE SOCIETY. 

Ordinary Meetings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced:— 

January 21.— Mrs. Graydon-Stannus, " Irish Glass, Old and New." 
Sir Herbert Jackson, K.B.E., F.R.S., will preside. 

January 28.— Charles A. Baker, As.sistant Engineer, London County 
Council, *' The Electrical Equipment of the London County Hall." Sir 
George Hume will preside. 

February 4.— Sir Ernest Rutherford, M.A., D.Sc., F.R.S., Trueman 
Wood Lecture, " The Stability of Atoms." 
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February ii (at 4.30 p.m.).— Sir J. Fortescue Flannery, Bt., Past- 
President of the Institute of Marine Engineers, “ The Diesel Engine in Naviga¬ 
tion/’ Lord Bearsteu, LL.D., will preside. 

February 18.—J. S. Owens. M.D., Assoc.M.Inst.C.E., F.G.S., Superinten¬ 
dent Advisory Committee on Atmospheric Pollution, Air Ministry, 
Meteorological Office, Modern Atmospheric Conditions.” 

February 25.— Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., ” The Power 
of Internal Combustion Engines for Motor Cars.” 

March 4.— Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., 
Department of Cilass Technology, University of Sheffield, ” The Modern 
Production of Sheet-Glass.” 

March ii. — Emile Cammaerts, ” The Restoration of Public Buildings in 
Belgium.” 

March 18.— Claude N. Frtese-Greene, ” Colour Cinematography.” 
March 25. — Henry (i. Dowling, ” Wall-papers.” 

Dates to be hereafter announced:— 

Major-General Sir William Sefton Brancker, K.C.B., Director of 
Civil Aviation, Air Ministry, ” Commercial Aviation.” 

Cedric Chivers, ” Bookbinding.” 

C. R. Peers, C.B.E., F.S.A., Chief Inspector of Ancient Monuments and 
Historic Buildings. (Subject to be announced later.) 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Ediii.)., B.Sc. 
D.P.H., F.R.C.P.E., ” The Trend of Modern Hygiene.” 

David Greenhill, ” Colour Printing.” 


Indian Section. 

Friday afternoons, at 4.30 o’clock: - 

January 9.— Lieut.-Colonel Sir David Prain, I.M.S., C.M.f'j., C.I.E., 
M.A., M.B., LL.D., F.R.S.E., F.R.S., Sir George Birdwood Memorial Lecture, 
” Government Botanical Gardens.” Hon. Vicarv Gibbs will preside. 

February 6. —J. T. Marten, M.A., I.C.S., ” The Indian Census.” Sir 
-Edward Albert Gait, K.C.S.I., C.I.E., will preside. 

March 6.—Sir Henry Sh.\rp, C.S.I., C.I.E., M.A., ” The Development of 
Indian Universities.” 

May 8.— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., 
F.R.S., " Indian Meteorology.” 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., 
C.M.G., ” The Heart of Asia and the Roof of the World.” 

Date to be hereafter announced :— 

Sir Alfred Chatterton, C.I.E., Assoc.M.Inst.C.E., ”The Industries of the 
Mysore State.” 
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Dominions and Colonies Section. 

Tuesday afternoons, at 4.30 o’clock, unless otherwise announced :— 

January 27.— ^Walter Ronald Dunlop (late Professor of Economics. 
Imperial College of Tropical Agriculture). ' Economic Research in Tropical 
Development.*’ 

February 24.—R. H. Brackenbury, Member of the Empire Cotton 
Growing Corporation Mechanical Transport Sub-Committee, “ Transport in 
Tropical Africa.’* 

Dates to be hereafter announced:— 

Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for the 
Colonies. (Subject to be announced later.) 

Lord Blytii, " Penny Postage and Postal Communications Generally.” 

Dominions and Colonies and Indian Sections. (Joint Meeting). 
Date to be hereafter announced:— 

Lord Stevenson, G.C.M.G. (Chairman, Standing Committee of British 
Empire Exhibition), ** The British Empire Exhibition.” Sir Charles 
Campbell McLeod (Chairman of the Finance Committee of the Exhibition) 
will preside. 

Cantor Lectures; 

Monday evenings, at 8 o’clock :— 

V. E. Pullen, Director, Radiological Research Department, Woolwich, 
” Radiological Research—^A History.” Three Lectures. January 19, 26, 
February 2. 

Lfxture I.—Natural Philosojihy. The fascination of speculative 
philosophy. The border line between science and philosophy. Early natural 
philosophy. Development of theory. Discovery of X-rays. Controversy 
as to their nature. Modern theory conc€'niing X-rays. Relation to modern 
atomic theory. 

Liccture II.—Early apparatus. Early X-ray generators. Early vacuum 
tubes. X-ray tubes. Development of electrical generators. Development 
of X-ray tubes. The X-ray spectrometer. Measuring apparatus. Lines 
of modem radiological research. 

Lecture III.—Early applications of X-rays. Development of medical 
uses. Modern applications. Ph^^siological dangers. Necessity for pro¬ 
tection. 

Walter Rosenhain, B.A., B.C.E., D.Sc., F.R.S.. Superintendent of the 
Department of Metallurgy and Metallurgical Chemistry at the National 
Physical Laboratory, ” The Inner Structure of Alloys.” Three Lectures. 
February 16, 23, March 2. 

Howard Lectures. 

Monday evenings, at 8 o’clock :— 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
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of the Institution of Petroleum Technologists, " Motor Fuels.*' Three Lectures* 
April 20, 27, May 4. 


Dr. Mann Juvenile Lectures. 

Wednesday afternoons, at 3 o'clock :— 

Lieut.-Colonel E. H. Richardson. Two Lectures. January 7 and 14, 

1925 - 

Lecture I.—January 7.—“ Dogs in War.*' 

Lecture II.—January 14.—“ Dogs in Peace." 

(Special tickets are required for the Dr. Mann Juvenile Lectures.) 


MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 

Monday, January 5..Chemical Industry, Society of (London Section), at the Chemical Society, Burlington 
House, Piccadilly, W. 8 p.m. Mr. W. Irwin, “ An early Chapter in the Benzol Industry.” 
Transport, Institute of, at the Institution of Electrical Engineers’ Savoy Place,* Victoria Embankment, 
W.C. 5.31) p.m. Brig-Gen. H. O. Mance, ” Recent Developments in the Industrial Elements of 
Transportation.” 

Tuesday, January 6. .Petroleum Technologists, Institution of, at the Royal Socikty ok Arts, John Street, 
Adelphi, W.C. 5.30 p.m. Mr. J. B. Hoblyn, " The Behaviour of Lubricating Oils Under 
Oxidising Conditions.” 

Marine Engineers, Institute of, 85, The Minories, E. 6.30 p.m. Mr. C. W. Wright, ” The 
Measurement of Oil in Tanks.” 

Metals, Institute of (Local Section), Chamber of Commerce, New Street, Birmingham. 7 p.m. 

Mr. T. H. Gant, ” Cobalt, Its Production and Some of its Uses.” 

Anthropological Institute, 50, Great Russell Street, W.C. 8 p.m. 

Royal Institution, Albemarle Street, W. 3 p.m. (Juvenile Lecture). Mr. F. B. Browne, 
” The Habits of the Water Beetle.’* 

Wednesday, January 7, .Engineers, Junior Institution of, at the Royal Society oh Arts, John Street, 
Adelphi, W.C. 7.30 p.m. Inaugural Address by the President, Dr. A. Russell. 

Geological Society, Burlington House, Piccadilly, W. p.*o- 

Electrical Engineers, Institution of. Savoy Place, Victoria Embankment, W.C. 6 p.m. 
(Wireless Section). Prof. K. Mallett and Mr. A. D. Blumlein, ” A New Method of 
High-Frcquciicy Measurement.” 

Thursday, January 8..Electrical Engineers, Institution of, Savov Place, Victoria Embankment, W.C. 

6 p.m. Mr. H. W. Tavlo-*, “ Three-Wire Direct-Current Distribution Networks. Some 
Comparison in Cost and Operation.” 

(Sub-Centre), University College, Dundee. 7.30 p.m. Mr. F. J. Lawson, ” Telephonic Cable 
I'ractice.” 

Child Study Society, go, Buckingham Palace Road, S.W. 3 p.m. Prof. E. W. Macbride, 
“ The Evidence for the Existence of Environmental Influence on the. Course of Kereditv.” 
Historical Societv, 22, Russell Square, W.C. 5 p.m. Mr. G. 11, White, ” Financial .Administra¬ 
tion under Henry ist.” 

Mechanical Eiigiacors, Institution of (West of Scotland Branch), at the Royal Technical College, 
Glasgow. 7.30 p.m. Mr. J. A. Legros, ** Traction Across Rough and Roadless Country.” 
(South W’ales Branch) South Wales Institute of Engineers, Cardift. 6 p.m. Annual Meeting. 
(Graduates’ Section, North Western Branch), at the Engineers’ Club, Albert Square, 
Manchester. 7.13 p.m. Mr. E. H. Lewis, ” The Reduction of Factory Costs.” 

Royal Institution, Albemarle Street, W. 3 p.m. (Juvenile Lecture). Mr. F. B. Browne, 
” The Habits of Insects and the Work of Man.” 

Friday, January 9..London Society, at the Royal Society of Arts, John Street, Adelphi, W.C. 8 p.m. 

Mr. A. C. Bossoin,The Traffic Problem of London ; Sf^me Thoughts on its Solution.” 
Philological Society, University College, Gower Street, W.C. 8 p.m. Miss Beatrice Saxon 
Snell, “Anglo-French Building Terms.” 

Astronomical Society, Burlington House, Piccadilly, W. 5 p.m. 

Malacological Society, at the Linnean Society, Burlington House, Piccadilly, W. 6 p.m. 
Mechanical Engineers, Institution of (North Western Branch), The University, Liverpool. 
7.30 p.m. Mr. L. A. Legros, “ Traction Across Rough and Roadless Country.” 

(Yorkshire Branch), Philosophical Hall, Park Row, Leeds. 7.30 p.m. Mr. H. W. Bannister, 
” The Scientific Treatment of Boiler Feed-Water.” 

(Informal Meeting], Storey’s Gate, Westminster, S.W. 7 p.m. Discussion on ** The 
Maintenance of High-Compression OiFEngines.” 

Metals, Institute of (Local Section), at the University, St. George’s Square, Sheffield. 7.30 p.m. 
Mr. A. H. Mundey, ** Die Casting.” 

Photographic Society, 35 , Russell Square, W.C. 7 P-™- Mr. A. Keighley, “ Colour and Sunshine, 
Some Mountain Villages of Southern France.” 

Aeronautical Engineers, Institution of, at the Engineers* Club, Coventry Street, W.x. 6.30 p.m. 
Mr. R. J. Parrott, “ The History and Evolun» of the Avro Training Machine.” 

Saturday, January 10.. Metals, Inttitute of (London Section), at the Institute of Marine Engineers, 85, 
The Minories, E. y.30 p.m. Dr. R. H. Greaves, ** Extensometers.” 
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NOTICES. 
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NEXT WEEK. 

Wednesday, January 14TH, at 3 p.m. (Dr. Mann Juvenile Lecture.) 
Lieut.-Colonel E. H. Richardson, “ Dogs in Peace.” (Lecture 11 .) Lord 
Askwith, K.C.B., K.C., D.C.L., will preside. Tea and coffee will be served 
in the library after the lecture. 

All the tickets for these lectures have now been issued. 


BINDING COVERS FOR JOURNALS. 

For the convenience of Fellows wishing to bind their annual volumes of 
the Journal, cloth covers can be supplied, post free, for 2s. each, on application 
to the Secretary. 


PROCEEDINGS OF THE SOCIETY. 


FIFTH ORDINARY MEETING. 

Wednesday, December ioth, 1924. 

Mr. Thomas J. Ive (Vice-President, Ahglo-Colombian Chamber of 
Commerce), in the Chair. 

The Chairman said that Mr. Norman Thomson had written a number of 
books on Colombia, one having been published under the authority of the 
Government, .and another, after publication, having been translated into Spanish 
in Colombia by the Government with the consent of the author. A third 
publication dealt with the political issues bearing on the Panama Canal question. 
It might also be mentioned that Mr. Thomson had given evidence before the British 
Government Select Committee which was appointed several years ago to report 
upon the Putumayo atrocities. He had advocated the settlement by arbitration 
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of the disputed regions as the only effective way of stopping the atrocities, and 
that point of view had been generally endorsed by the Committee in its report. 
A cablegram had been received, signed by His Excellency the President of Colombia, 
by the Colombian Bureau of Information on the previous Friday, reading as follows: 
“ Your letter of the 17th October received. Please present distinguished lecturer, 
Mr. Thomson, my cordial S3rmpathy, hearty gratefulness and best wishes lor the 
success of his generous effort." 

The paper read was:— 

COLOMBIA AS A FIELD FOR DEVELOPMENT. 

^ By Norman Thomson. 

Developments in this Republic during the last fifteen years, combined witb^ 
the present economic position of the coimtiy and the known possibilities 
of its imdeveloped resources, are such as to arrest and call for closer attention. 
It is a country with a future that is of the greatest promise, and with a past 
history that, broadly, should be imderstood. When a colony of Spain 
Colombia was the richest and the most developed country in South America, 
but from the year 1810, when independence was won from Spain, until the 
year 1910, when the political life of the country was reconstructed, the great 
promise expected from its fuller development was never fulfilled. Instead, 
the glamour of its wealth receded more or less into the shadow of legend, and 
it is only within recent years that it has again emerged as a land of definite 
promise. 

During the long era when development was retarded by successive revolutions 
that devastated the country and made necessary a compromise of its foreign 
debt with the foreign bond-holders, as well as by lack of adequate transport 
facilities, attempts to develop some of the country's resources were imdertaken 
chiefly with the aid of British capital. Many of these attempts were successful; 
others were not, and they were not infrequently the cause of long-protracted • 
and embittered disputes between the concessionaires and the Government. 
The effect in general was to provoke imfavourable comment abroad to the 
economic disadvantage of the country as a whole. The cause of failure of 
enterprises which had acquired or planned to secure certain interests in the 
country was mainly due to two reasons. Many of them were mining ventures 
which were founded on an irresponsible conception as to the commercial 
accessibility of the country’s wealth, and failure was due either to inadequate 
investigation of the mine to be worked, to the purchase of unsuitable machinery, 
to mismanagement, to the absence or shortage of water supplies, labour and 
timber, or to insufficient financial reserves. It was not imcommon to find 
machinery rotting on many abandoned mines, and, owing to the unconsidered 
difficulty of transportation, on the banks of navigable rivers. The second 
reason was that concessioiis and monopolies freely granted by the Government, 
in the abseiice of other means to promote the development of the country. 
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often embodied terms that were unfavourable to the country, and they were 
resented by the Colombian people. Internal dissension was the result. For 
such reasons confidence in the country on the part of foreign capital, which was 
practically all British, was continuously weakened. 

At the present time there are unmistakable signs that this depressed 
outlook in respect of Colombia as a possible and profitable held for development 
has given place to an awakened and livelier interest in the admitted possibilities 
awaiting its fuller commercial exploration and exploitation. In this respect 
the present position of the country cannot better be reviewed briefly than 
by a repetition of well-known facts. In 1910, when Colombia flrst began 
to attract responsible foreign interests to any extent, the political life of the 
country underwent a substantial change, economical principles being sub¬ 
stituted for partisan political principles, and with this reconstruction a more 
democratic form of public administration was established. With the general 
knowledge and in the conhrmed belief that the community of interests common 
to a nation as a whole makes for better conditions, the Colombian people set 
themselves to work on the development of various plans for their better 
prosperity, and in the short period of less than fifteen years their advance 
has been extraordina^5^ having regard to the many preceding years of com¬ 
mercial retrogression or stagnation. 

Since 1905 the nation has regularly met its Foreign Debt and as the amount 
of the consolidated external debt is now only about ij million pounds, the 
whole debt should be redeemed before long. The total foreign debt of the 
country, which is nearly all held in England, is £4,199,559, and the total internal 
debt approximately £3,600,000. The entire foreign debt only reaches the 
small total of 12s. gd. per capita, the smallest in South America, and the 
internal debt amoimts to less. The external debt amounts to less than the 
product of the national revenues for one year, and taxation is lower than in 
any other State in Latin America. In 1923 the Colombian Congress approved 
laws establishing a gold standard for Colombian money and a National Bank 
of Issue capitalised at 5 io,ooo,ooo. The amount paid up exceeds 57,000,000 
and the first annual report has been issued. The banking industry of the 
country has increased from 14 banks with a total capital of $6,000,000, or 
about £1,200,000 at par in 1913, to 73 banks with a paid-up capital of 
$30,000,000, and with reserves of $7,000,000, a total capital of about £7,400,000 
in the present year. This shows an increase in 10 years of more than 600 
per cent., and it includes seven foreign banks with a capital of nearly million 
pounds. In 1910 coffee exports amounted roughly to 34 million kilos, and 
in 1923 to 123 million kilos. This article fetches the highest price in New York, 
where the bulk of the shipments go, and in the extent of its production 
Colombia stands next to Brazil. Its gold production exceeds that of any 
other State in South America, and in the matter of platinum e:iqx)rts these 
are now the largest of any country in the world, amounting in 1910 to 13,664 oz.. 
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and in 1923 to 43,100 oz. The first four months of the present year show 
a production of 20,102 oz. 

A few remaining facts that may be briefly recorded, not as indicating the 
economic stature of this country, but as signs of the progress that the country 
is now making, a coimtry probably less developed in proportion to its 
possibilities, extent and population than any State in Latin America, are the 
following:—During the last few years over sixty hydro-electrical power 
stations have been installed in the country and work on other similar under¬ 
takings is now in progress. In the last thirteen years its foreign trade has been 
trebled, and its banana production makes it the second largest exporting 
country of that fruit in the world. The discovery of oil by foreign oil 
organisations is of comparatively recent date, but it is certain to play a 
leading part in the future of this nation, for Colombia is authoritatively 
declared to possess the most promising oil-region in the world. Colombia is 
also now in a position to establish a frozen meat market with Europe. Cotton 
crops have been more than doubled since 1915, and the cotton produced 
manufactured into fabrics for the home market. One of its great fertile 
valleys, which is rather larger than British Honduras, the Cauca Valley, was 
called by the great Humboldt the " Paradise of the World," and has a line 
of rail extending nearly its whole length of 200 miles. A vast coal-field has 
been brought into rail communication with the Pacific Ocean, and the country's 
population of some 6| millions is steadily increasing. Its manufacturing 
industries continue to be increased and extended. Its railway mileage has 
been nearly doubled since 1910 and many new lines and extensions of existing 
lines are under construction. Aerial ropeways, which offer great promise 
in the development of this land of high altitudes alternating with great 
valleys, are being extended. Important long-distance motor roads are now 
under construction. The " Dique," a natural canal connecting the sea-port 
of Cartagena with the Magdalena River, navigable in the Spanish colonial 
days for large boats, is being deepened to enable the largest river boats to 
reach the sea wharves, and the unnavigable mouth of the Magdalena River 
is to be opened up under a percentage contract with an American firm. These 
two undertakings, when completed, will respectively make Cartagena a river 
port and Baranquilla a seaport. 

Occupying some 450,000 square miles of the South American Continent, 
on its north-western comer, and possessing the economic advantage of two 
oceans for its sea-board, Colombia is divided longitudinally into three main 
divisions by three lofty mountain ranges, known as the Western, the Central 
and the Eastern Cordilleras respectively. Another group, in the north-eastern 
section, is known as the Sierra Nevada Range. By reason of these physical 
features, with their economic advantages and disadvantages, every variety 
of climate is encountered, ranging from the torrid coast-regions and the cooler 
temperature of the more elevated valleys, to the temperate table-lands that 
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are mountain continents, and beyond to the regions of perpetual snow. Here 
in these var}dng mountain altitudes, low-lying valleys, extensive plains and 
level uplands, the physical world may be said to he represented in all its 
variations, and their resources to embrace the world's resources. 

The river system of the country is extensive and numbers of the larger 
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waterways are navigable for considerable distances. The largest, the 
Magdalena River, flows between the Eastern and Central Cordilleras. It is 
the main artery of commerce, being used for navigation on the Lower River, 
which is separated from the Upper River by a series of rapids, to the extent 
of about 600 miles, and on the Upper River of about 300 miles. A tributary, 
the Cauca River, some 200 miles from the mouth of the Magdalena River, is 
the second largest river in the country and has an important tributary, the 
Nechi River. Other navigable tributaries of the Magdalena River include the 
Lebrija, the Cesar, and the Sogamosa. Two great valleys are fonned by the 
.Magdalena and its principal tributary. The Cauca Valley stands at a mean 
elevation ranging from 3,000 feet to 3,500 feet. The Sinu River lies to the 
west of the Magdalena River and beyond it, flowing into the Bay of Uraba' 
on the Gulf of Darien near the Panama boundary, is the Atrato River. The 
Patia is the largest river on the Pacific, into which also flows the San Juan 
River. At their source the Atrato and San Juan Rivers are only separated 
by a short divide called the Isthmus of San Pablo. Here and elsewhere on 
the upper reaches of the Atrato River the possibility of constructing an inter- 
oceanic waterway has long been a subject of speculation and expectation. 
In 1913 the United States Government offered Colombia first $2,000,000 and 
later $5,000,000 for an option to build an Atrato Canal, and it may well be 
that at some future date in the history of Colombia some commercial use 
may be put by Colombia to the natural links that exist between the two oceans. 

The rw'o rivers, the Putumayo and the Caqueta, tributaries respectively 
of the Amazon and the Orinoco, find a navigable outlet outside Colombian 
territory through these great trunk waterways. The country's waterways 
on which navigation is practicable cover about 2,500 miles, oil as well as steam 
now being used, but owing to protracted seasons Of drought navigation is 
not always continuous throughout the year, even on the great Magdalena 
waterway. This factor seriously impedes the trade of the country, and, 
therefore, important as they are to its economic prosperity as channels of 
commerce, they are in themselves inadequate, as in the past, to meet the 
demands of the future. Moreover, rivers run in valleys and not over mountain 
slopes. 

Railway construction and development is, therefore, Colombia's primary 
need. It is the key to her economic progress, the foundations on which alone 
the great and boundless resources of the interior can be developed within any 
measureable extent of their promise. Formerly, construction was left to private 
enterprise, but Colombia has had a discouraging experience during the past 50 
years with the various scattered activities of foreign enterprise. Some of the 
companies formed to carry out the concession discontinued work after a few 
years, and others never commenced serious operations. On these schemes 
varying sums of State money have been spent, the cost to the Government in 
connexion with the construction of the Pacific Line for 40 miles of track laid, 
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and covering a period of some 30 years, amounting to somewhere about one 
million pounds, or at the rate of about £25,000 per mile built. Moreover, when 
knowledge of the ph3^ical and geological features of the country to be 
traversed by a new line was insufficient to provide the data necessary before 
construction could be satisfactorily undertaken, several lines, which also 
cost the Government a great deal of money, were constructed that were badly 
located and should never have been built. Projects are now in hand for new 
construction which will make one or two of these lines of little value. 

At the present time the railways of the country are owned respectively 
by the National Government, the Governments of the Departments or States 
and private enterprise. New constructional work is now largely carried out 
by the National Government, and by the Departments concerned. The 
National Government allows a Department a fixed subsidy for each kilometre 
built, the subsidy being financed by internal-loan bonds, and recent national 
legislation has authorised various departments to raise internal or foreign 
loans to finance new lines, the department undertaking construction itself 
or entering into negotiations for the work. The National Government pays 
the subsidy on completion of each kilometre. The amounts of these subsidies 
vary according to the constniction to be done. The Department then proceeds 
to raise its loan, one recent authorisation by the Department of Caldas for 
a loan of £1,000,000 guaranteeing (a) the Railway of Caldas with all its 
dependencies, (b) the lines now constructed or to be constructed, and (( ) the 
Tobacco Revenue. The net receipts of the exploitation of the extension of 
the railway line, together with any other railway revenues whatever their 
source might be, were to be applied to interest and the amortisation of capital. 

Other recent national legislation indicates the present p)olicy of the (Govern¬ 
ment in respect of railway construction and development. In IQ22 the 
(Government passed a law authorising the loan of $100,000,000 mainly for 
railwa5rs. The security was to be {a) a mortgage on all or part of the railways 
built, or to be built, to which the capital of the loan was to be devoted, (6), 
a hypothetical lien on the net receipts accruing from the operation of tlie lines 
in question or some of them, and (c) a sinking fund formed by the $20,000,000* 
due from the United States (Govemment under the terms of the Panama. 
Canal Treaty. Departments were to be entitled to take part in the financial- 
operations, and contracts for construction were to be subject to the proviso 
that the constructors contributed a share not less than one-half of the actual 
building, the (Government undertaking to co-operate up to the other half* 
The builder was not to be allowed any control of management after constructioa 
and he was not to be entitled to any public lands or other concessions. Again,, 
an invitation to foreign capital to undertake the construction and equipment 
of a railway specified that the contractor should furnish all the necessary 
funds for the construction and equipment, including payment for. the land„ 
by subscribing the bonds to be issued by the (Government as the work pro- 
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ceeded. These bonds were to bear interest at 8 per cent., with 2 per cent, 
for sinking fund, and they were redeemable when and how most convenient. 
The Government on its part undertook to grant to the contractor the adminis¬ 
tration of the railway for an agreed period and for this service 5 per cent, 
on the gross production of the exploitation was to be paid until completion. 
Subsequently a new arrangement was to be made on the net product of 
operation a^i payment for administration. The Government was to pay the 
contractor a commission up to I2 per cent, for services rendered in the con¬ 
struction and administration of the railway at amounts var5dng from i8,ooo 
dollars per kilometre to 48,000 dollars, according to the section 0/ the line to 
be constructed. 

In Colombia opinion is divided as to the wisdom of the Government's policy 
in embarking upon railway construction other than by means of foreign capital, 
on the ground that the money should be used in the country for national, 
industrial and agricultural development, but in these inland and precipitous 
regions the percentage contract is probably no more economical than con¬ 
struction by the State. On the other hand, on the facts, the ph5^ical conditions 
of the country are such as would appear to debar companies from embarking 
to any extent, as in the past, upon construction unless on favourable terms. 
In the meantime, the country needs railways urgently in order to open up the 
productive regions of the interior. The problem of financing the country’s 
extensive undertakings and plans is, therefore, immediate, and without the aid 
of foreign capital and enterprise it is difficult to foresee any rapidity of 
development. In Colombia, however, we now find evidence to show that 
there has been an economic awakening and that its possibilities are such as to 
be more easily understood. If, therefore, every inducement could be given 
by the Government to private enterprise to expedite the extension of the 
country’s railway system, and if private enterprise could be induced to regard 
this South American Republic and its resources as one of the great potential 
possibilities of that continent, it may well be that new markets would be foimd 
for British manufactures, a new source of income established, and with the 
certain and ultimate development of Colombia an opportunity afforded for 
an increasing trade. 

As the greater number of Colombian railways are now owned either by the 
State or the Departments and. as the need for finance is so imperative, it 
might be that a new channel of constructive thought could be applied to the 
railway system of the country and to its new lines and extensions to existing 
lines. One such line of thought has occurred to me, and that is the policy of joint 
ownership and management by the State and private enterprise. This was a 
policy I first advocated some sixteen years ago in connexion with development 
proposals within the Empire. It might be adopted in the case of Colombia 
with great advantage to the economic development of the country, and it 
suggests a possible solution of her transportation problem. A private company. 
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on formation, would be required to provide the capital, and the extension 
would then be regarded as one single system owned jointly by the Government 
or Department and the company. The share of the new capital would be 
arrived at by determining its proportionate value to the capital value of the 
origiftal main line. The National Government or Department might reserve 
the right to purchase the cash shares of the company on agreed terms and at 
the expiration of an agreed period, and during construction of new main lines 
a guarantee of a small rate of interest on the capital outlay by the National 
Government or Department should be allowed in order to attract foreign 
capital. Since the war a large number of proposals embodying this general 
policy have been brought forward and discussed in relation to Imperial projects. 
The plan, with certain modifications, has been in force in Belgium for very 
many years in connexion with the light railway system of that country. 
In Germany, in more recent years, the provinces and municipalities and the 
large industrial organisations interested in the particular public utility company 
to be formed jointly subscribe. The company, as in other cases, would be 
subject to Colombian law and the jurisdiction of the Colombian courts. 

The largest and most important railway project in Colombia is the construc¬ 
tion of the Pacific line, which wilj provide, via Ibague, direct rail communica¬ 
tion between Bogota, the Colombian capital, and Buenaventura, the chief 
Pacific port, a distance of 480 miles. Starting from Buenaventura and passing 
through Cali, construction extends as far as Cartago north of the point where 
it will branch off to Ibagu6, its eastern terminus. It has been extended in 
the south from Cali, the junction to the north and south, to within 15 miles 
of Popayan, the distance to this city from the coast being 125 miles and to 
Cartago 207 miles. On the Bogota route 147 miles remain to be completed 
to reach Ibagu^. Another branch line on which work has been started runs 
towards Santander Isdng east of the Popayan branch line. The Pacific line, 
therefore, now runs practically the entire length of the Cauca Valley or from 
close to Popayan to Cartago, a distance of about 183 miles. 

At Ibagu^, the terminus of the Pacific line on. its completion, the Tolima 
Railway forms the next link to Bogota, running from Ibagu6 to Flandes 
opposite Girardot on the Magdalena River, and on completion of a bridge 
across this river (a contract for which was placed with a British firm) com¬ 
munication will be completed to Bogota by the Girardot Railway running 
to Facatativa, on the edge of the Bogota table-land, and from thence by the 
Sabana Railway to the capital. When the chain has been completed between 
Bogota and the Port of Buenaventura it is estimated that freight chaiges 
will amoimt to about one-half of what it now costs to carry freight 
to Barranquilla on the Atlantic. The Pacific Line was bought in 1919 by 
the Government. 

The line will be eventually connected with the Antioquian ra^way system 
with the object of forming an important trunk line which will connect the 
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Atlantic and Pacific ports. At Cartago it is connected with the Caldas Railway 
now Under construction from Puerto Caldas, on the Cauca River near to 
'Cartago, to Manizales further north. More than one-half of this 63-mile line 
has b.jen completed, and plans call for its extension from a point not far south 
‘of Manizales to connect, north of that town, with the Amaga Railway running 
from Medellin through the important Amaga coal-fields in the direction of the 
Cauca River. Some 52 miles of this last-named line have been constructed 
and when finished and joined with the completed Caldas Railway extension, 
Medellin will be brought into rail communication with the Pacific coast. From 
Medellin the Antioquia Railway, which has doubled its traffic every five years, 
runs in two sections, divided by an uncompleted tunnel, to the Magdalena 
River. The distance from this river to Buenaventura is about 480 miles, 
but a projected line from Medellin, via Monteria, to Cartagena will give 
Medellin a direct rail outlet to the Atlantic. On completion, therefore, of 
this projected line, together with the construction of the extensions to the 
Amaga and Caldas Railways, Cartagena on the Atlantic will be brought into 
rail communication with Buenaventura on the Pacific and with Popayan 
in the far south. 

Various extensions of existing lines are now in course of construction, 
and others, including new lines, will shortly be undertaken. The Northern 
Railway is being extended from Bogota to Quiquinquira and the Southern 
l^ilway to Fusugasuga. A new line under construction is the Tolima-Huila- 
Caqueta Railway, which will connect Espinal on the Tolima Railway with the 
city of Nciva, and subsequently it is proposed to extend it to the Caqueta. 
Work on the uncompleted Puerto Wilches-Bucaramanga line is being actively 
pressed forward. The Cucuta Railway which connects the town of that name 
with the Zulia River crossing the Colombia-Venezuela border is to be extended 
to the Magdalena River and the Sabana Railway is also to be carried to that 
river from Facatativa, which town it connects with Bogota. The Tumaco- 
Pasto Railway will connect the Southern Pacific Port with the city of Pasto, 
and the Carrare Railway is intended to connect Bogota with the Magdalena 
River through the Carrare district. Varying sums of money have been allotted 
from the Panama Indemnity payment to these and other railways for their 
•construction or extension, and it may be mentioned that the law of last year 
authorising a loan of 100,000,000 dollars was for the purpose of carrying out 
the Government's plans for an extended railway system in the country. The 
proposal to establish rail communication between Bogota and the Atlantic, 
which was one of the projected plans of the Government when authorising 
the loan, appears to have been postponed. At present Bogota is reached 
from the Atlantic by the Lower Magdalena River, the El Dorada Railway, 
the Upper Magdalena River and the Girardot and Sabana Railways. A recent 
development in Colombia is the introduction of the aerial ropeway for the 
transportation of merchandise. One has been completed between Manizales 
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and Mariquita on the Dorada Extension Railway, a distance of 45 miles. 
Other ropeways are now under construction, and it is certain that with their 
extension the economic development of the country will be carried an important 
step forward. 

The problem that may now be considered is, what security in the form of 
its resources does Colombia offer to foreign capital and enterprise, if such should 
be enlisted to a considerable extent in promoting the development of the country ? 
It must first clearly be borne in mind that Colombia, though old in the com¬ 
mercial history of Western civilisation, has not yet emerged from the early 
stage of development. Fuller developments must primarily depend, as 
in all countries, upon the facilities for bringing its productions to the markets 
of the world, and at the same time the manufactured products from outside 
to assist in that development. In its agricultural and mineral development 
Colombia has experienced this signal handicap to an exceptional extent, owing 
to the physical features of the country. In the case of Colombia's agricultural 
products, which are as varied as its climate, they have to find a way to the 
coast, and this is costly, slow, and sometimes harmful to their commercial 
value. For example, wheat for milling into flour at the coast can be imported 
more cheaply than it can be brought from the Bogota region down the 
Magdalena River. The force of this point applies with equal, if not greater 
strength, to coffee exports. Coffee is the principal export of Colombia, and its 
production affects the economic conditions of the entire country. If the 
crop is good prosperity prevails. The volume of the import trade depends 
upon it, for the purchasing power of the people is increased. The financial 
condition of the Government is regulated by it, for the greater part of the 
national revenues is derived from the import duties. Industrial development, 
and the local Governments, through their tax returns, are also affected, 
equally with the production of more coffee and other agricultural products. 
In all the circumstances of its production, it says much for the coffee of 
Colombia that it is able to compete in the world markets with the coffee of 
other countries, where production is not similarly handicapped. 

Coffee is produced in most of the Departments, but at present principally 
in Antioquia, Cundinamarca, Santander Norte and Santander Sur. Its 
cultivation is chiefly confined to districts accessible to settlements or villages, 
but widely extending mountain slopes, more remotely removed from populated 
districts and still in a state of nature, are eminently fitted for its cultivation. 
Land in general is obtainable at a nominal cost, and labour, on these upland 
slopes, is sufficiently abundant, industrious and intelligent. Most of the 
plantations are small, the planter taking care of his farm with the assistance of 
his family, and a little outside help during the harvesting season. A large 
part of the coffee produced is sold by the small grower to the local merchant, 
who, as a rule, advances the money for harvesting the crop. It is seldom 
re-cleaned and graded, and accordingly there is here some scope for improve- 
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ment. Some planters have a working arrangement with the owner of the land^ 
by which he receives part of the crop, but larger plantations, varying from 
100,000 to 1,000,000 bushes, have also been established. 

From Antioquia coffee reaches the coast by the Antioquia Railway, and the 
Magdalena River, by distant Manizales, and the new ropeway to the same 
river, and by Cali on the Pacific Railway to the Pacific coast. The Cundina- 
marca coffee finds its way by three railways, and two transhipments on the 
Magdalena River, but on completion of the Pacific Railway a direct outlet to 
the coast will be effected by that route, as well as from Tolima, which is develop¬ 
ing its coffee production. From Caldas, pack mules carry the coffee over 
the mountains to the ropeway at Manizales, and Santander Sur sends its 
coffee by way of the Lebrija, a tributary of the Magdalena River, and Santander 
Norte through Lake Maracaibo in Venezuelan territory. It will be seen from 
these generad details that the recently constructed ropeway from Manizales 
to Mariquita is an important economic asset to the country, and with 
the completion of the railway construction now in progress coffee produc¬ 
tion cannot fail to be considerably extended, and the improved conditions 
under which it will be brought to outside markets should add to its commercial 
value. The best of all the coffee producing districts is probably in the Quindio 
valley, and this will be opened up on the extension of the Pacific Railway 
towards Ibague. 

The agricultural future of Colombia should not be dependent wholly, or even 
in large part, upon the coffee industry, for, with its varied climate, its range 
of cultural extension is of the widest. Cacao, which is at present little 
produced in Colombia for export, though of high market value, is found in nearly 
every region of Colombia, and where irrigation, which is often necessary, has 
been introduced, considerable success has marked its cultivation. Tobacco 
cultivation is as yet in its infancy, and its production is widely carried on by 
more or less primitive methods. The famous *' 5nicca " or “manioc “ offers 
interesting possibilities for the manufacture of starch and industrial alcohol, and 
the castor oil plant, growing wild throughout the country, could be made 
profitable by its systematic cultivation on a large scale. Coconut cultivation 
could be widely extended, for the coast region from Cartagena to the Gulf of 
Uraba is specially suited for this product. Cotton is the most important agri-^ 
cultural product of the Magdalena Valley near Barranquilla, and is grown 
on small farms by individual owners or renters. At present it is planted without 
any real preparation of the soil, and weeds are chopped out with the “machete." 
Replanting is not necessary for five years. It grows everywhere in the country 
with wonderful luxuriance, but the Cauca Valley probably offers the most 
promising possibilities for this cultivation. The banana industry, probably as 
yet in its earlier stages of development, has assumed large proportions, more 
than 30,000 acres in the Santa Marta district being under cidtivation. Maize 
is grown as one of the staple foods, and sugar in recent years has become 
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an article of export, and with adequate financial backing from outside, this 
industry should become of first importance. One property, owned by 
Colombians, pays enormous annual dividends, and employs, according to season, 
from 3,000 to 5,000 men. It is an industry that can only expand with foreign 
capital. Growing without irrigation in certain districts, some canes infields 
fifteen years old are still producing without fertilisation and replanting. 
Planting is done on the Cuban system, a renter being allotted so much cleared 
land, and when necessary is financed by the owner. Assisted by imported 
labour, the industry could be largely developed in the Cauca and Quindio Valleys. 

Like agriculture, the mining industry of Colombia cannot be said to be 
developed, and it probably possesses greater possibilities than the former. 

Its known mineral resources are enormous, but owing to financial reasons, and 
the lack of transport facilities, comparatively little scientific prospecting and 
development have accrued. The known minerals embrace nearly all those of 
commercial importance. Platinum, gold and silver are exported in consider¬ 
able and increasing quantities. The emeralds of Colombia have long enjoyed 
an exclusive reputation. The iron deposits have been worked on a small 
scale. Old copper mines, originally worked by the Indians, are being exploited 
by crude methods in order to secure copper for domestic appliances, and 
the mineral is known to exist in various parts of the country. Coal is found in 
almost every region, but the few mines that have been opened are worked super¬ 
ficially and by crude methods to supply the local demand. The City of 
Bogota is supplied from exposed ledges of coal on the mountain-side directly 
above it. Five or six mines are now in operation near Cali on the Pacific 
Railway, with a total monthly output of about 3,000 tons, but the work is 
intermittent and the mine equipment antiquated. The Pacific Railway secures 
its supplies from these mines. 

Geologists estimate the coal resources of the country to be about thirty million 
tons. The Amaga coal-bed, through which runs the Amaga Railway, now 
being extended to the Cauca River, is said to be very extensive, one property 
alone having been estimated to contain five million tons of coal. Colombia 
possesses in this mineral one of its greatest potential resources. The extent of 
the other known minerals is sufficiently vast to make Colombia a land of 
immense riches, apart from its agricultural, petroleum and forest wealth, 
and its cattle-rearing possibilities. It is assuredly this fact, with all the allure¬ 
ments associated with it, that has done much to delay the development of 
Colombia's mineral resources, for the primary fact is that their efficient 
development must be subordinate to railway and road construction as in the 
case of the agricultural development of the country. 

Gold-mining in Colombia can only be successful if supported by adequate 
financial reserves and some knowledge of the country, for it is owing to trans¬ 
portation difficulties and the high cost of making roads and of erecting modem 
mining machinery that profitable mining in this country is at present improbable 
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^cept in the case of high grade deposits. There are in the country many 
millions of tons of low grade ores awaiting exploitation, and many mines showing 
quite satisfactory returns are worked by foreign capital, and by small native 
companies, many of which have done extremely well, such as the famous 
Zancudo mine, which was originally worked for gold, but in latter years the 
silver output has acquired a greater importance. In general, the principal 
mining districts are those worked by the Spaniards in Antioquia, Cauca, 
Santander, and Tolima. In these Departments there are thousands of mines 
titled but proportionately few in exploitation. Antioquia has always been 
the chief gold-mining section, and some foreign companies in this Depart- 
meijit have done well. The quartz mines that have failed, chiefly with British 
capital, have hampered development, but before passing judgment on the 
quality of the ore the success of the native and other companies, which did not * 
invest in expensive machinery, has to be remembered. Again, in this country 
of auriferous wealth, foreign prospectors not infrequently have their mthusiasm 
damped by false declarations of values, and by personal discomfoJ s, with the 
result that independent scientific prospecting is the exception and not the 
rule. The natives largely use wooden stamp mills with ground sluicing, and 
" bateas ** or native pans, and in spite of this, as previously stated, some of the 
rich gold mines have produced handsome profits for their owners. 

In recent years, owing to the country's navigable waterways, considerable 
attention has been given by foreign interests to alluvial gold-mining, especially 
in the Department of Antioquia and the province of Choco, as well as, to a 
certain extent, in the Departments of Tolima, Bolivia, Caldas and Cauca, 
which are nearly all auriferous. Alluvial gold-mining dates back to the days oi 
slavery, and in the middle of last century some attention by foreigners was 
given to this method of collecting gold. In the known alluvial gold-mining 
regions there are many rivers which are rich in gold alluvials, and there are 
many advantages in the working of alluvial mines over other mining schemes, 
for with the aid of modem drills worked either by hand or steam, it is possible 
to make a close examination of an alluvial deposit to show the number of cubic 
yards worked per month and the working costs per cubic yard. Knowing from 
examination the average yield it is possible to estimate the prob*^ble earnings. 
For this reason the working of alluvial gold mines is a fairly safe business 
proposition; once the amount of gold contained in the sai ds has been 
ascertained, it becomes a matter of time and machinery to turn in'o account the 
rich contents. In alluvial mining nearly all the work is done by hydraulic or 
hydro-electric power, and as Colombia possesses a considerable number of large 
waterfalls, there is exceptional scope for economical development. The water 
supply can also be used to work monitors and hydraulic elevators. 

In Antioquia the entire length of the Force River from Medellin down to the 
Nechi River has been worked by the natives, who, however, only work the 
alluvial beds of small streams, for machinery and modem methods are necessary 
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to handle the great boulders and to bring in water for . washing. The Force 
is a navigable river and flows into the Nechi River, which is a tributary of the 
Cauca River, and between these rivers there are many alluvial deposits that 
have never been examined. The entire region is alluvial in formation and has 
been practically untouched so far as large mining operations are concerned. 
The climate is imhealthy, and for this reason the natives are reluctant 
to come down from their healthier environment on the uplands. 
Large numbers also prefer to engage in washing for gold on their own account, 
by the primitive method of washing the sands in " bateas or native pans. 
Several British companies are engaged on alluvial mining in this large district. 

In the western part of Colombia, or throughout the large region extending 
from the Atrato River to the borders of Ecuador, platinum is found with the 
gold, some rivers containing a larger proportion of platinum, and others of gold. 
For many years platinum was found with the gold and thrown away as value¬ 
less, and at the present time Colombia exports more platinum than any other 
country. It was first discovered in the placers of the Choco district and its 
development is due to the two navigable rivers, the Atrato and the San Juan, 
the former for about 250 miles by steamer, and the latter for some 300 miles 
with its numerous affluents. At present the two more important districts are 
the Patia River and its tributaries in the South, and the headwaters of the San 
Juan and Atrato Rivers. The waters of the San Juan and Atrato Rivers are 
separated by a short divide of low hills, and the tributaries of these two 
rivers are at present the scene of extensive mining operations, notably the 
Condoto and Quito. In the former river district platinum predominates over 
gold and in the latter gold over platinum. The Opogodo River is now 
also being worked. There are several English and American Companies with 
large holdings operating in this platinum region by means of dredging plants 
driven by mechanical power, but owing to the native population preferring, 
as in the Antioquian alluvial gold region, to work on their own account, 
using for this purpose the canoe to explore the rich ground and then move 
on to more pleasing surroundings, the labour supply is often inadequate. 

• The mining laws of Colombia arc extremely liberal, and every facility is given 
for the exploration and the ** denouncement " of mines. Concessions are 
limited to an area of 3.68 square miles and are granted for 25-year periods for 
placer mines and alluvial formations, but when the annual tax for acquiring 
land is paid, no work need be carried on to preserve the locator's rights. The 
effect of this in general is that many good mining properties remain undeveloped, 
owing either to lack of capital or initiative, or until a prospective purchaser 
comes along, when excessive prices are often demanded. An ex^wrt duty is 
payable on platinum at the rate of 5 per cent, ad valorem. 

The commercial exploitation of the oil resources of the country^ is of such 
recent date and is so well known that little need be said of this* great develop- 
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ment. Its value to the country should be inestimable, not only on account of 
the money brought into Colombia, but also from the point of view of providing a 
cheap source of fuel within the country, and in this way accelerating the develop¬ 
ment of many industries now dependent upon water power, or water supplies 
which are only available at long distances from where they are required. It 
should, therefore, be a dual source of wealth to the country. A contract for a 
national pipeline from the sea-board to the interior has recently been made 
between a large producing company and the Government. Oil was first pro¬ 
duced on a small commercial scale in the middle of 1922. Government con¬ 
cessions are taxed 10% on the gross product, if the land is located 120 miles or 
less from the coast, 8% if from 120 to 240 miles, and 6% if more than 240 miles. 
In addition, there is an annual rental of 4 cents per acre in the first year, 8 
cents in the second year, 20 cents in the third, and 40 cents each year thereafter 
until the expiration of the lease, which is for a term of 20 years with an extension 
of 10 years at the discretion of the Government. 

The chief agricultural pursuit in Colombia is cattle-farming, and there is now 
definite promise of a large export business in frozen meat being developed. 
Small beginnings have been made following the establishment, mainly with 
Colombian capital, of the first packing house at Covenas, some 60 miles north¬ 
west of Cartagena. This packing-house is capable of dealing with 15,000 
head of cattle per month, and according to recent laws, packing houses are 
exempt from customs duties on imported machinery and in respect of the 
preparation of all products intended for exportation. Vast pastoral regions 
amounting to scores of thousands of square miles exist in the country. There 
are the great llanos, which commence at the Eastern Cordillera and extend to 
the boundaries of Brazil and Venezuela, the Atlantic coast zone, the Magdalena 
Valley zone up to the City of Nciva, the Pacific zone embracing the large region 
washed by that ocean, and the Central zone, covering the elevated lands of 
the interior. It is estimated that there are ten million head of cattle in the 
country, ^nd that it is capable of rearing many tens of millions, but its future 
development on any large scale must depend upon the extension of transport 
facilities. Hides form an important article of export, and it ma\^ be mentioned 
that during the war the British Government caused enquiry to be made in 
Colombia with a view to establishing a packing house in Colombian territory. 

The great national wealth of Colombia's forest products has been little ex¬ 
ploited. and can never properly be developed until the difficulty of transporta¬ 
tion has been removed. Palm Oil Nuts include the Corozo,” which is used by 
the Indians and negroes as a vegetable butter and food product, and the 

Coneja," which is employed locally for soap-making. The tanning materials 
exported are mangrove bark, divi-divi pods and quebracho wood. The 
fibres include the "fique," a species of henequen, and the "Pita," which is 
used for the same purposes as sisal and hemp and other hard fibres, as well as 
flax, cotton, and artificial silk. Large areas are occupied by this plant in which 
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some interest is now being taken in foreign markets. The Ceroxylon palm 
wax has long beea used by the Indians for making candles, and a varnish, 
also used by the Indians, is produced from another palm. Medicinal plants 
include cinchona, the great forest supplies of which I suggested some 25 years 
ago might be turned to commercial account by refining the bark in the forest. 

The broad survey that has been given is intended to provide an opportunity 
to discuss the general aspects of the subject of this paper. We know Colombia 
to be a country largely of unfulfilled promise from the point of view of its 
resources, but it is certain that the energies of the people are now being directed 
to productive ends, that marked progress has been made in the past fifteen 
years, and that given normal conditions it is capable of considerable and profitable 
development. It is a country of high mountains with a great system of water¬ 
ways, but of these the two largest, the Magdalena and its tributary, the Cauca, 
with their respective tributaries, lose much of their commercial value owing 
to the mouth of the Magdalena River being closed to traffic. We know that the 
mouth of this river is now being opened and that the railway mileage, though 
being substantially increased each year, is totally inadequate to meet the demands 
of the country's possibilities, for, consisting of uheo-ordinated sections they were 
built to satisfy the immediate needs of towns and districts. We know that at 
the present time Cali is the only capital of an inland Department that is in direct 
rail communication with the coast. Given, therefore, adequate transport 
facilities, it is not difficult to foresee developments in Colombia that should bring 
this Republic into the front rank of Latin-American nations. On its higher 
uplands it is a country eminently suitable for colonisation by Europeans on 
a large scale. 


DISCUSSION. 

The Chairman (Mr. Thomas J. Ive) said that the paper had been a very 
instructive and informative one. They had heard certainly some interesting 
facts regarding the vast mineral wealth of the country ; and the tropical produce 
of the Republic of Colombia was simply wonderful, Situated at the north of South 
America, some 450,000 square miles in extent, stretching from the Atlantic to the 
Pacific, with her seaboards washed by those oceans, Colombia was a country which was 
blessed by nature to an amazing extent. The author had mentioned the enormous 
progress that had been made in recent years. The banks had increased from 
some 47 to 74 in number, representing an increase in capital value of some 600 per 
cent. The author had also referred to the great progress that had been made with 
respect to gold mining, silver mining, platinum mining, and the cultivation of coffee, 
bananas, and other tropical products, as well as the prodigious wealth contained in 
Colombia in its herds of cattle. Colombia had alwa3r8 had the sympathy of the 
British. Originally the British provided, or rather lent the Colombians, millions of 
money for the general purposes of improving the trade of the country, apart from 
the fact that very many companies had also expended millions of money in building 
up her trade. At the same time the advance made by Colombia was recognised 
to-day; while many countries had been going through very trying &nes with regard 
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to the question of exchange during the last few years, Colombia had steadily im¬ 
proved, until at the present time her money was at par with the currency of the 
United States ; in other words, it was equal to the best in the world. No one could 
view that progress, however sceptical he might be, without the greatest satisfaction, 
and that was certainly the case in financial circles in the City of London, which had 
in the past been so closely associated with tlie financing of Colombian loans, enter¬ 
prises, etc. But if he might issue one word of warning, it would be to ask Colombia 
to realise that in spite of her wonderful growth, the development of such a country 
did presentdifiicultiesonaccountofitsgreatareaandrelativewant of communication. 
The return on capital invested or asked to be invested must be greater than that 
which would be the case (say) a hundred years hence, or fifty years hence, when 
the developments would naturally make it easier to exploit natural resources. 
He had been very pleased to hear a description of the Cauca Valley, which was 
mentioned by Humboldt as being the paradise of the world. He had been out in 
-Colombia very many times, and he remembered the first time going up the Cauca 
Valley on the railway with a friend who had travelled very much, and this friend 
had pointed out that the Cauca Valley was the fifth finest valley in the world. 
Certainly it was a most remarkable sight—so astonishing, indeed, that it was really 
impossible for liimto describe it; but he had the finest memory of it, and every time he 
passed up the valley he admired it more. Mr. Thomson had referred also to the advance 
of Colombia during the century from i8io to 1910. He could claim that he 
and his friends had helped considerably in tliat development. They had 
spent several hundred thousands of pounds in machinery, which had brought 
considerable revenue to the Republic, and they had spent many thousands of 
pounds in the employment of labour. Wherever they had formed a camp they 
had introduced sanitation, as was usual with the British, to the great advantage of the 
native population. They had sent out medical officers who had been of inestimable 
value to the people in the districts in which they had been working ; and Colombia 
had beneiited largely from the work of British engineers. He sincerely trusted 
that the Government of Colombia would alwa>s consider very carefully the interests 
of the British who were doing so much pioneer work, so much good, useful and helpful 
work in the development of the wonderful country. 


Mr. Arthur Campling said he had listened with great interest to Mr. Thomson's 
paper. As one who had had a great deal of trade with Colombia for the last 
twenty years, and who had been very much interested in the railway development 
of the country, he was specially interested in the author's reference to the great 
difficulty of transport. It was true that British enterprise and help had assisted 
Colombia to develop itself by means of the railways. He would be glad if Mr. 
Thf)mson could give some idea of any adumbrated railway schemes at present on the 
tapis. The old Colombian National Railway, which was financed in England, had 
been taken over by the Government, and was now, he thought, the Girardot Railway, 
the last of the British-financed railways taken over. 


Mr. Norman Thomson replied that there were various general schemes in 
Colombia for railway development. The loan, to which he had referred in his 
paper, of 100,000,000 dollars which had been authorised by the Colombian Govern¬ 
ment the previous year, specific the suggested new routes to be taken by the new 
lines, one of which was from Cartagena to Antioquia, another to link up Antioquia 
with Popayan, and so on, as mentioned in the paper. 
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H.E. THii Colombian Minister (Dr. Luis Cuervo Marquez) said that he 
had heard with deep interest the important paper given by Mr. Norman Thomson, 
and he admired his knowledge of Colombia. He appreciated also the words of 
the Chairman and the other gentlemen who had spoken, and he thanked them for 
the. kindly and friendly opinions that had been expressed. Colombia was, as had 
been said, a country of immense natural resources. She possessed rich mines of 
iron, gold, silver, platinum, emeralds; plenty of coal and waterfalls for power 
development; extensive forests ; many kinds of textiles ; splendid grasses ; wide 
navigable rivers; long coast lines on the two oceans, and, in addition to all those 
sources of wealth, a settled Government and a peaceful and energetic people. 
All foreign help which could contribute to develop her progress was- welcomed 
by Colombia. But British people and British capital had the preference, because 
Colombians knew from many years' experience the honesty of British methods 
and the soundness of British enterprises. 

Dr. Gabriel Posada Villa (member of the Colombian Government) said that 
-at the present moment he did not know what the Government of Colombia was 
intending to do, as Confess was still in session. He had come to England as a 
member of the Financial Mission with the intention of consulting the bankers 
-of the Republic in London. The bankers had suggested that the Colombian debt 
should be converted as a preliminary step before the Colombian Government 
raised any further loans for the purpose of railway development. There were at 
the present time six different debts, as Mr. Thomson had said, amounting in all to 
scarcely more than ,000,000, and they were difficult to deal with on account of 
the different conditions as regards security, and of the different yields in interest. 
That made it difficult for Colombia to raise loans for railroad construction, because 
there was really no basis on which to found the credit of the Republic for the present. 
The intention of the Government had. therefore, been to consolidate those debts, 
and to convert them into one form of bond very well secured on the Customs revenue. 
After that the way would be prepared for further loans to be raised for future railroad 
construction. In the meantime the Government was employing the amount it 
was receiving from the Government of the United States in respect of the indemnity 
for the Panama Canal, at the rate of .^3,000,000 a year, in extending some of the 
principal trunk lines. The principal lines on which the money was being expended 
were the lines running from Bogota towards the sea on one side of the river, going 
through three of the most important and densely-populated departments of Colombia, 
and on the other side the extension of the Pacific line from Buenaventura towards 
the Cauca River and towards the Atlantic side. Of course, what happened else¬ 
where happened also in Colombia—namely, that almost every citizen in every city 
wanted a railroad of his own. That was the principal difficulty ; but the Govern¬ 
ment was spending the money on the principad lines, and simply making preliminary 
studies of the other lines. The money was not being thrown away. In the near 
future he expected that the Government would find out what was the most convenient 
and truly national railroad to be built, and the money would be spent cii proper 
commercially and nationally valuable railways. The currency of Colombia was at 
a slight premium. There was, of course, a difference.in the foreign values and the 
commercial values, but the currency was supported by gold, and it was expected 
that the money from the indemnities was going to be well spent, and that after the 
preliminary work was finished it would be possible to make contracts for railroad 
•construction, by means of payments made in cash with the money obtained from 
the sale of the new bonds, up to the amount authorised in conversion agreement, 
when the conversion of the debt was carried out as projected by the Gov'emment. 
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Mr. Archer Turner said he thought the Colombian Government ought to pay 
more attention to their roads than they did at present. , All the money went in 
railroads, and railroads were very expensive to build, and costly to keep up when 
built. A road was very much cheaper to build, and it would be better for the country 
to spend its money on improving the roads until the time came when it could 
afford to build a railway. There were at present very few miles of cart road outside 
the principal towns. 

Mr. C. G. Inder said that nature had endowed the Colombian nation with one 
of the most magnificent countries in the world. He had not time to go into detail, 
but what one felt was that Colombia wanted a larger population and better means of 
comnunication She must have those two assets. Apropos of that, Mr. Thomson 
had left out of his paper, interesting as it was, one important point—namely, 
electricity. That was an extremely important point, because as one crossed those 
splendid mountains the Cordilleras, and saw the wonderful rivers running from 
10,000 or 11,000 feet above sea level, tumbling over hundreds of feet of falls, it 
required little imagination to conceive of Colombia in fifty years when full use had 
been made of its potentialities in the application of electricity. Enormous power 
was available. If he might make a suggestion to Colombia it would be that she must 
realise to-day that she had to be generous to those who wanted to do work in 
the country. He did not for a moment suggest that the Colombians had not been 
generous ; they had been magnificent to the original entrepreneitvs ; but the 
benefits that would accrue to the country as a remit of the development of her 
communications, and the natural opening up of the resources that would go with 
that development, would be such that terms that looked absurd to-day would look 
magnificent to the future Colombians. A good idea of the potential resources of 
Colombia had been given in the interesting pictures that had been shown. Along¬ 
side Bogota there were thousands of acres of magnificent savannah land, with soil 
five or six feet deep, on which there was hardly a plough to be seen. To-day in 
England intensive cultivation and fertilisers were being used, to an extent which 
Colombia did not need ; but if one imagined the railways of Colombia developed to 
the full extent, worked perhaps by electricity—at any rate, by the cheapest power— 
one could then see that the millions of carcases of cattle would be carried to Europe 
instead of the hides only as was the case to-day. One could go on for a long time 
speaking of such things; but as one who had had a good deal of experience in 
pioneer work he would only say that the Colombian laws towards the miners were 
generous ; they were well founded and well drafted ; and those who wished to con¬ 
form to the local peculiarities, the local temperament, the local conditions, need not 
fear to get anything but fair treatment from Colombia. There were points, in fact, 
—if he might suggest it with all due deference to His Excellency the Colombian 
Minister—where the Colombians had been too generous to the original exploiters 
of mines ; so much so that many people had denounced the mines and sat on them. 
Those were not the sort of people who were wanted for the development of the 
country; they simply held mines, in return for the payment of taxes of small amount 
without devdoping them. For the present the Colombian Government must 
be generous to those who would actually develop the resources of the country. 
He was not personally interested in the matter, but the man to help was the man who 
was actually spending the money and had the ability to do so. Theparticular district 
in which he was interested was the Choc6. He had been in that district when 
the natives wore the pampanilla. To-day they wore the pantaloon. That had been 
done iy the engineer. The engineers had taken the money, mostly from London, 
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and put it into circulation, and they had developed the country to such an extent 
that that change had taken place. The change from the pampanilla to the panta¬ 
loon was not a joke; it was a true indication of what the negro in the Choc6 
had passed through by the aid of one or two companies. If one imagined those 
things multiplied by 50 or 100, one would realise what development had taken place. 
That development would be admitted by anybody who had visited Colombia. 
Colombia required capital, energy, and communications. She must naturally 
want to develop those resources herself, but such was the population, such had been 
the difficulties of education and of cultivating the right type of men, that she must 
be content to use British and other foreign ability and enterprise for yet a little 
longer ; and the teaching of the craftsmen of Colombia would grow with the develop¬ 
ment of the natural resources. 

On the motion of the Chairman a vote of thanks to the author f)f tlie paper was 
carried unanimously. 

Mr. Norman Thomson, in reply, said that in reviewing a country it was difficult 
to go closely into the various aspects ; one could only deal with the subject broadly. 
With’regard to the question of the utilisation of the water power of the country, 
in his paper he had incidentally mentioned that sixty hydro-electrical plants had been 
erected in Colombia in the last few years. That short statement was intended 
to sugge:)t the possibilities of water-power development in the country. The 
country was vast, and its resources could only be sketched in such a paper as he had 
given. At present it was a country with possibilities which were gradually becoming 
probabilities. He remembered Colombia thirty years ago, when transport was 
effected by means of the mule and the canoe. Colombia to-day was a different 
proposition. Railways had been built, and transport was vastly improved. The 
Magdalena and the Cauca were the largest rivers in the country. Inland tovrns at 
present shut off by the closed mouth of the Magdalena would on its being opened 
enable traffic from these inland towns to reach the coast. 

The Chairman tendered the thanks of the meeting to His Excellency the 
Colombian Minister for attending. Unfortunately Mr. Medina, of the Colombian 
Bureau of Information, had been called away to Colombia on accoimt of family 
affairs; otherwise he also would have been present at the meeting. He was most 
energetic in his work for the Colombian Information Department, and he (the Chair- 
nuiii) would convey the thanks of the meeting to Mr. Medina for his help in that 
direction. 


' OBITUARY. 

pROKK.ssoR George Downi.ng Ltveing, Sc.D., F.R.S.—Professor Cieorge Downing 
Liveing, who was elected a Life Fellow of the Society in 1874, died at Cambridge on 
December 26th, at the age of 97. Born in 1827, he was educated at St. John's 
College, Cambridge. He read for the Mathematical Tripos and was eleventh 
Wrangler in 1850, and in the following year he sat for the newly established Natural 
Sciences Tripos, in which he was first of six candidates, with distinction in Chemistry 
and Mineralogy. After studying for a short time in Germany, he returned to 
Cambridge, being elected a Fellow of his College in 1853. The St. John s (x)llege 
Laboratory was then built, and Li\ eing was the first man to teach science experi¬ 
mentally at Cambridge. 

In i860 he was appointed Professor of Chemistry at the Staff College and the Royal 
Military College, Sandhurst. In 1861 he succeeded James Gumming as Professor 
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of Chemistry in the University of Cambridge. At that time tlie accommodation 
at his disposal was ridiculously inadequate, and there were no facilities whatsoever 
for teaching practical chemistry. By his energy and organising power, however, 
Liveing was able in course of time to build up a flourishing school, with the result 
that in 1888 Cambridge possessed one of the finest laboratories in the country. 

In 1911 Dr. Liveing was appointed President of St. Johns, a post whicli he 
occupied until his death. He had been elected a Fellow of the Royal Society in 
1879, and in igoi he was awarded the Davy Medal ** for his spectroscopic papers, 
which, mainly published during the last quarter of a century in conjunction witli 
Professor Dewar, make up a record of patient, accurate, conscientious labour and 
taken together constitute one of the most valuable contributions to this department 
of chemi:a] physics yet made by British workers." 


LA VIE INDUSTRIELLE EN FRANCE. 

La Resistance dks Rails de Chemins de Fer et leurs Essais ue RecEi’Tion. 

I.es rails dc chemins de fer sont sujets k des ruptures fr6qucntes—il s’eu prodiiit 
plusieurs milliers par an dans le monde entier—et ces ruptures occasionnent souvent 
des accidents. D'autre part, leur usiirc normale sur les grandes lignes est 
importante et irr6guli6rc. 

Un savant ingdnieur fran<;ais, M. Ch. Fremont, qui etudie depuis longtemps 
la resistance des mdtaux (I’lron and Steel Institute lui a d6cern6 r^cemment sa 
grande m^daille Bessemer), a d6tcrmin6 Ic mode d'usure des rails, et a elabore une 
m6thode d'essai qui permet de verifier si le in^tal possdde les qualites ndccssaires. 

Les experiences de M. Fremont lui out montr6 que Tiisure des rails n’est pas. 
un ph6nomdne d’abrasion, e’est un phenomdne dc choc.- La .surface de contact 
de la roue avec le rail n’est que de 80 mm2 (o sq. in. 16) environ, ct la charge n’est 
appliqu6e que sur cette surface que pendant i/2.50o6me de seconde pour un train 
circulant k 72 kilometres k I’lieiirc ; ellc produit done I’elTet d'un veritable martelage. 
Cette action dynamique, proportionnelle k la vitessc du train, ddformc le rail 
d’une manidre permanente et sur une Irds faible 6palsseur. Cette deformation 
s’effectue transvcrsiilement, parce que recoulement du m6tal dans ce .sens c]irouve 
moins de resistance que longitudinaleincnt. 

Pour r6sister avantageusement a I’lisure, I'acier des rails doit done presenter 
k la .surface de roulement une limite d’ 61 asticit 6 elev6e, surtoiit dans le sens 
transversal au laminage. Pour que cette* resistance .soit maximum, il fan! que 
le metal ne contienne pas d’inclusions dc .scories, ni de traces de segregation. 11 
faiit aussi que I’acier ne soit pas trempant. 

Dans un recent memoire qui resume ses demiers travaux, M. Fremont propose 
pour I’essai des rails, d'une part I’essai de fragilite, e’est-^-dire res.sai au choc sur 
rail entailie, et d'autre part, I'essai de durete effectne au moyen d’une molettc 
tranchante. Il conclut que I’on doit employer, pour constituer les rails, des acier.s 
demi-durs, ne depassant pas 60 kgs. de resistance de rupture k la traction, mais- 
d'une resistance finale (au moment de la rupture) 61 ev 6 e, atteignant au moins 115 
kgs. Cet acicr doit etre non trempant. 

En outre, il est indispensable de n'utiliser que des aciers non containines par 
la segregation et les inclu.sions du Hngot, car ces impuretes sont, avec la fragilite,. 
la cause dcs avarie et des ruptures accidentelles des rails. 
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Le Rev]6tement des Routes au Silicate de Soude. 

La chauss6c macadamis^esuivant Ic prc)c6d6 classique estaujourd’huicondamn^e 
pour toiites les routes k grande circulation, et surtout k circulation d'automobiles 
lourdes. On a essay6 de remplacer le macadam par les petits pav6s on les briques, 
les macadams k Hants bitumineux, le beton arm6 ou non arm^. Tous ces procM^s 
sont coflteux, surtout en France, oii les Hants bitumineux sont le plus souvent 
import6s de pays k change 61 ev 6 . Un proc6d6 assez 6conomique, la silicatisation, 
a pr 4 conis 6 depuis deux ans par M: Guclle, Ing6nieur des Fonts & Chauss6es 
a 13 esan 9 on : ce proc6d6 a 6t6 essay6 d*abord dans Ic d^partement du Doubs, puis 
en Seine-et-Marne et j usque dans la banlieue de Paris. 

II s'agit de 1’incorporation, aux mati'iriaux pierreux de la chauss6e, d'une certaine 
quantity de silicate de soude Si O® Na2, fabriqud par la calcination d*un melange 
de sable pur et de carbonate de soude. La dissolution de cc corps dans I'eau 
cst Hvr6e en tonneaux et a pour density environ 1,4. 

Apr^s qu’on a bien pr6par6 la forme de la chauss6e (par un labourage mccanique, 
s’il s’agit d’une chauss^e ancienne ct abim6e), on depose sur un plancher, qui suit 
I’avancement du chan tier, i mdtre cube de pierre calcaire demi-dure ct 350 litres 
de matidre d’agr^gation, par cxemple de la mfime pierre finement concass6e. On 
arrose avec 40 litres de silicate de soude. Le tout est brass6 avec des pelles et des 
grilles, ou avec un malaxeur. 

Du plateau, le melange est jete k la pclle sur le lieu d'emploi; la forme est r6glde 
approximativement k I’aide de piquets, en tenant compte du tassement (un quart 
environ) et du bombement d^sir^. Le cylindrage s’effectue ensuite avec un rouleau 
pas trop lourd. 

Le durcissement se fait en deux jours environ, pendant lesquels on ne doit pas 
Jaisser circuler sur la chauss6c. 

Unc 6quipe de 15 hommes pent couvrir 400 m. carr^s par jour. 

Outre sonprix de revient pen €\ev 6 (15 francs environ le mdtre carr6), la chauss6e 
silicat^e a d’autres avantages : elle est monolithc et ne pr6sente pas dc fissures; 
rexecution est rapide; les reparations sont facilcs, peu on6reuses et leurs traces 
s’effaccnt rapidement ;i elle n’est pas poussiereuse, gr&ce au colmatage provoqu^ 
par le silicate, et elle n’est pas sonore. 

La Prospection uu P6trole en France. 

La Section de geologic du Comite scientifique du Petrole s’est reunie dernierement 
pour examiner les derniers travaux relatifs k 1 ’exploitation du petrole en France 
ou aux Colonies. Un jaillissement s'est produit tout recemment a Gabian dans 
le departement de I’Herault (sud de la France), et il scmble denoter la presence 
d'un gisement exploitable. D’autres forages vont dtre executes. 

D’autre part, un nouveau forage va etre execute dans le Puy-de-D6me, pour 
completer I’exploration de la region de la Limagne, qui a dej^ donne des resultats 
encourageants. 

Enfin, un programme general d’exploration gedogique de I'ile de Madagascar 
a ete eiabord et il doit etreprochainement mis k execution. II comportel’explora¬ 
tion des regions voisines de celle dej^ etudiee entre le Mamambe et le Ranobe. 
On doit aussi creer un centre d'etudes ct un laboratoire pour I’execution d’essais 
semi-industriels de traitement de grds bitumineux. 

On fonde beaucoup d'esperances, en France, sur la production petroliere future 
de Madagascar. 
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Le Curage des Egouts par la Pression atmosphI^rique et l'6puration DU 

Sewage. 

La commune de Villeneuve-St.-Georges, qui fait partie de la banlieue sud de 
Paris, compte environ 20,000 habitants, dont les demeures s’espacent entre la 
Seine et les coteaux limitant sa vall6e, sur une vaste 6tendue. La plus grande 
partie de Tagglomdration 4 tant en plaine, et k quelques metres seulement au-dessus 
de la Seine, I’^vacuation des eaux us^es pr^sentait des difiicult^s, faute de la pente 
n^cessaire dans les Egouts. Aussi a-t-on adopts, suivant le systdme pr6conis6 par 
ring^nieur Gandillon, un mode d'^vacuation pneumatique du sewage, qui m^rite 
d'etre signal^. Disons d'abord que les eaux de pluie, assez propres pour ne pas 
engorger les dgouts et pour 6tre rejetdes a la Seine dans 6puration pr6alable, sont 
simplement envoy^es au fleuve par un ensemble de canalisations du type usuel. 
C'est seulement aux eaux-vannes des habitations que s'applique le systdme 
pneumatique. 

Chaque groupe de trois ou quatre immeubles voisins est desservi par un premier 
rdservoir oil se rassemblent les tuyaux de descente des eaux-vannes ; ces reservoirs 
sont eux-m^mes relies k des reservoirs de quartier par des canalisations en fonte 
bien etanches, et enhn ceux-ci sont relies aux deux grands reservoirs de I'lisine 
d^epuration par un collccteur principal, egalement en fonte. et etanche. Comme 
la pente ne suffit pas k faire ecouler les matidres boueuses dans cc reseau, on y opdre 
k intervalles frequents des curages energiques, en faisant le vide dans le collecteur 
au moyen des pompes aspirantes de Tusine. On ouvre ensuite les vannes de 
fermeture des reservoirs de quartier, puis des petits reservoirs, et la pression 
atmospherique qui s’exerce brusquement, par les tubes dechute des immeubles, 
sur le reseau de canalisations en fonte oh I’air a ete rarefid, chasse violemment tout 
leur contenu jusque dans les grands reservoirs de I'usine. 

Celle-ci est pourvuc, d'autre part, de cuves en ciment arme 011 se fait repuration 
biologique, de fa^on que Teffluent puisse etre envoye sans danger dans la Seine. 


NOTES ON BOOKS. 

Roubiliac’s Work at Trinity College, Cambridge. By Katharine A. Esdaile. 

Cambridge : at the University Press, ys. 6d. net. 

This monograph with its score of plates dealing with Roubiliac's work at Trinity 
College, Cambridge, gives one a good idea of the points in which the sculptor partic¬ 
ularly excelled. The busts are, indeed, a remarkable series. “ I know of no 
works which may be safely compared to them," said Chan trey. " They have a 
manly and vigorous freedom of manner which proves to me that he treated them 
rather in the manner of the heads of statues than as domestic portraits, where 
fidelity of resemblance is more aimed at. Those who have not seen the Cambridge 
busts, and above all the statue of Newton, are strangers to the best work of 
Roubiliac." 

Of the Newton statue, which inspired Wordsworth’s fine lines 
" The marble index of a mind for ever 
Voyaging through strange seas of thought alone," 

Mrs. Esdaile relates a curious tradition told to her by the sculptor’s great-great- 
granddaughter. " When Roubiliac came to carve the hand holding the prism, he 
had to modify the original pose owing to an unexpected flaw in the marble. In 
what that alteration consisted I have been*unable to learn, but every fragment of 
anecdote is of value; where a work of art so noble is concerned, and as this is 
unpublished, it is worthy of record where the field of Trinity tradition is so barren." 
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It certainly would be interesting to know how the sculptor had originally intended 
to pose the hand. There is nothing in its present position to suggest that it was 
forced upon him by a sudden mischance. 

The plates impress one afresh with Roubiliac's skill in dealing with the hair and 
the details of draperies, and also with his happy manner of finishing off the busts, 
so that they suggest the upper parts of statues and do not present the " cut off " 
appearance common to so many of their kind. 

It is very unfortunate that, as Mrs. Esdaile remarks, eighteenth century sculpture 
has long been out of fashion in England. This little book is sufficient to show that 
Roubiliac’s work still deserves careful study, and we hope that the volume will send 
many readers to discover its strength and its beauties. 

English Furniturk at a Glance. By Charles H. Hayward. London: The 

Architectural Press. 5s. net. 

The Architectural Press are publishing a useful series, the first volume of which 
is ** English Architecture at a Glance," and the second is the book under notice. 

The series is designed for those who desire to obtain an elementary knowledge 
of the subject dealt with, and the method adopted is to give a simple and concise 
narrative, illustrated by pictures of typical specimens, of the origin and evolution 
of the types described. Thus, a very brief introduction sketching the general 
evolution of furniture and the wo^^ds employed from Tudor to Georgian times, 
IS followed by a chapter on “ Stools," with eight illustrations, showing the develop¬ 
ment of the stool from the solid Tudor Gothic, through the Elizabethan, Jacobean, 
Caroline, William and Mary, and Queen Anne periods, to the mahogany Chippendale 
stool. Subsequent chapters deal similarly with settles, chests, tables, beds, 
wardrobes, china cabinets, bookcases, mirrors, and other pieces. 

The illustrations have been chosen with much care, and the book appears to be 
excellently suited for the purpose in view. 


COTTON GROWING IN EAST AFRICA. 

Steady progress is l^eing made with the scheme for cotton growing in the 
Kavirondo district (Kenya Colony) near Lake Victoria, writes Colonel Franklin, 
ll.M. Trade Commissioner in East Africa, in his annucil report. Four ginneries 
are in process of erection and one buying post has been allocated. It is intended 
to levy the same tax as in Uganda, viz., 0 cts. per lb. of lint exported. 

Colonel Franklin again records a marked improvement in the quality of the 
ginned cotton in East Africa, mainly, in the* case of Uganda, due to the fuller 
realisation of the necessity of care in all stages of handling this valuable crop, 
and, in Tanganyika Territory, as the result of technical work undertaken by the 
ICmpire Cotton Growing Corporation. It is hoped that this work will result in 
a hybridised plant capable of successful and uniform cultivation on a large scale 
in Tanganyika. An increasing interest is being taken in the possibility of the 
Mwanza district as a cotton growing centre, there being three ginneries there now. 
Two more are in course of erection and two are contemplated. Also, additional 
road improvement is being undertaken in Uganda and Kenya, not only to improve 
the transport service but also to open up new districts for cotton cultivation. 

So far all this cotton has been grown by natives, but in Tanganyika Territory 
there are now a number of estates growing cotton under European* management, 
either as a full-time or rotation crop, which may lead to great developments. 
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MEETINGS OF THE SOCIETY. 

Ordinary Meetings. 

Wednesday evenings, at 8 o’clock, unless otherwise announced:— 

January 21.—Mrs. Graydon-Stannus, " Irish Glass, Old and New.’* 
Sir Herbert Jackson, K.H.E., F.R.S., will preside. S|x^cimons of tht' glass 
will be exhibited. 

January 28.—Charles A. Baker, M.I.E.E., Assistant Engineer, London 
County Council, " The Electrical Equipment of the London County Hall.” 
Sir George Hopwood Hume, M.P., Alderman, London County Council, will 
preside. 

February 4.— Sir Ernest Rutherford, O.M., M.A., D.Sc., F.R.S., 
Trueman Wood Leciure, ” The Stability of Atoms.” 

February it (at 4.30 p.m.).-— Sir J. Fortescue Flannery, Bt., Past- 
President of the Institute of Marine Engineers, ” The Diesel Engine in Naviga¬ 
tion.” Lord Bearsted, LL.D., will preside. 

February 18.— J. S. Owens, M.D., Assoc.M.Inst.C.F.., F.G.S., Suix‘rinten- 
dent Advisory Committee on Atmospheric Pollution, Air Ministry, 
Meteorological Office, Modern Atmospheric Conditions.” 

February 23.—Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., ” The Power 
of Internal Combustion Engines for Motor Cars.” The Hon. Sir Charles 
A. Parsons, K.C.B., LL.D., D.Sc., F.R.S., will pre.side. 

March 4.— Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., 
Department of (ilass Technology, Universit}' of Sheffield, ' The Modem 
Production of Sheet-Glass.” 

March ii.— Emile Cammaerts, ” The Restoration of Public Buildings in- 
Belgium.” 

March 18. — Claude N. Friese-Greene, ” Colour Cinematography.” 
March 25. — Henry G. Dowling, ” Wall-papers.” 

Dates to be hereafter announced:— 

Major-General Sir William Sefton Brancker, K.C.B., Director of 
Civil Aviation, Air Ministry, ” Commercial Aviation.” 

Cedric Chi vers, ” Bookbinding.” 

C. R. Peers, C.B.E., F.S.A.,. Chief Inspector of Ancient Monuments and 
Historic Buildings. (Subject to be announced later.) 

Lieut.-Colonei. Andrew Balfour, C.B., C.M.G., M.D. (Edin.)., B.Sc. 
D.P.H., F.R.C.P.E., ” The Trend of Modem Hygiene.” 

David Greenhill, ” Colour Printing.” 

Indian Section. 

Friday altemoons, at 4.30 o’clock:— 

February 6.—J. T. Marten, M.A., I.C.S., “ The Indian Census.” Sir 
Edward Albert Gait, K.C.S.L, C.I.E., Ph.D., will preside. 

March 6 . —^Sir Henry Sharp, C.S.I., C.I.E., M.A., ” The Development of 
Indian Universities.” 
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May 8.*— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., 
F.R.S., “ Indian Meteorology.” 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., 
C.M.G., ” The Heart of Asia and the Roof of the World.” 

Date to be hereafter announced :— 

Sir Alfred Chatterton, C.I.E., Assoc.M.Inst.C.E., ”Thc Industries of the 
Mysore State.” 

Dominions and Colonies Section. 

Tuesday afternoons, at 4.30 o’clock, unless otherwise announced :— 

January 27.— Walter Ronald Dunlop (late Professor of Economics^ 
Imperial College of Tropical Agriculture). ” Economic Research in Tropical 
Development.” Sir Halford J. Mackinder will pn^sidc. 

February 24.—R. H. Brackenbury, Member of the Empire Cotton 
Growing Corporation Mechanical Transport Sub-Committee, ” Transport in 
Tropical Africa.” 

Dates to be hereafter announced:— 

Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for the 
Colonies. (Subject to be announced later.) 

Lord Blyth, ” Penny Postage and Postal Communications Generally.” 
Dominions and Colonies and Indian Sections. (Joint Meeting). 
Date to be hereafter announced:— 

Lord Stevenson, G.C.M.G. (Chairman, Standing Committee of British 
Empire Exhibition), ” The British Empire Exhibition.” Sir Charles 
Campbell McLeod, Bt. (Chairman of the Finance Committee of the 
Exhibition) will preside. 

Cantor Lectures. 

Monday evenings, at 8 o'clock:— 

V. E. Pullen, Director, Radiological Research Department, Woolwich^ 
” Radiological Research—A History.” Three Lectures. January 19, 26, 
February 2. 

Walter Rosenhain, B.A., B.C.E., D.Sc., F.R.S., Superintendent of the 
Department of Metallurgy and Metallurgical Chemistry at the National 
Physical Laboratory, ” The Inner Structure of Alloys.” Three Lectures. 
February 16, 23, March 2. 

Howard Lectures. 

•Monday evenings, at 8 o'clock :— 

Professor John Samuel Strafford Brame, F.LC., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels.” Three Lectures. 
April 20, 27, May 4. 
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MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 


Monday, January 12. .Surveyors' Institution, 12, Great George Street, S.W., 8 p.m. 

Transport, Institute of (Yorkshire Section) Town Hall, Leeds, 5.30 p.m. Inaugural Address by the 
Chairman, Mr. J. H. Hamilton. 

Geographical Society, 135, New Bond Street, W., 8.30 p.m. Major R. W. G. Hingston, “ Animal Life 
at High Altitudes.” 

Architectural Association, 34, Bedford Square, W.C., 8, p.m. Sir Owen Williams, “The Engineering 
Work at Wembley.” 

Electrical E^ineers, Institution of. Savoy Plac:e, Victoria'Embankment, W.C., 7p.m. (InformalMeeting). 
Discussion on “ Telephonic Development in Great Britain and in the United States.” 

(Western Centre) Merchant Venturers' Technical College, Bristol, 6 p.m. Address by the President, 
Mr. W. B. Woodhouse. 

Automobile Engineers, Institution of, ( hamber of Commerce, New Street, Birmingham, 7 p.m. Dr. S. 

S. Pickles, “ The General Manufacture of Kubber.” 

Metals, Institute of (Scottish Section), 39, Elmbank Crescent, Glasgow, 7.30 p.m. Open Discussion. 
Victoria League, 22, Kcclestoii Square, S.W., 5 p.m. Sir Herbert Maxwell, “ Bannockburn.” 
Brewing, Institute of, 39, Coventry Street, W., 7,30 p.m. Mr, J. Stewart, “ The Season's Barleys.” 

Tuesday, January 13. .Automobile Engineers, Institution of, at the Royal Society of Arts, John Street, Adelphi' 
W.C., 7 p.m. Ur. S. S. Pickles, “ The General Manufacture of Rubber.” 

Metals, Institute of, (N.E. Coast Section) Armstrong College, Newcaslle-on-Tyne, 7.30 p.m. Mr. A. 
R. Page, “ Brazing.” 

Royal Institution, Albemarle Street, W., 5.15 p.m. Prof. A. W. Fowler, “ The Anab sis of Spectra,” 
(Lecture 1 ). 

Colonial Institute, Hotel Victoria, Northumberland Avenue, W.C., 8.30 p.m. Sir Francis Newton, 
” Southern Khodcsia.” 

Anthropological Institute, 50, Great Russell Street, W.C., 8.15 p.m. 

Civil Engineers, Institution of, Great George Street, S.W., 6 p.m. 1. Prof. A. H. Gibson, “ The Investi¬ 
gation of the Surge-Tank Problem by Model Experiments.” 

2. Mr. F. Hey wood, “ T he How of Water in Pipes and Channels.” 

Electrical Engineers, Institution of, (N. Midland Section), hotel Metropole, King Street, Leeds, 7 p.m. 
Address by the President, Mr. W. B. Woodhouse. 

Supervising Electricians, National Asso<*iation of, St. Bride's Institute, Bride Lane, Fleet Street, E.C., 
7.15 p.m. Mr. H. R. Leslie Groom, “Modern Developments of Stage Lighting.” 

•«» 

WiDNESOAY, January 14.. Design and Industries Association, at the London Sc'hool of F>onomics and Political 
Science, Houghton Street, W.C., 5 p.m. Mr. B. J. Fletcher, “ The Principles of Design,” 

Civil Engineers, Institution of. Great George Street, S.W., 7 p.m. (Informal Meeting). Mr. H. P. Deane 
” The Use and Abuse of Reinforced Concrete.” 

United Service Institution, Whitehall, S.W., 3 p.m. Mr. C. E. Fayle, “ Maritime Power and Continental 
Alliances.” 

Electrical F^ngineers, Institution of, (S. Midland Section), The University, IDdinund Street, Birmingham, 
7 p.m. Mr, H.W. Taylor, “ Thrce-Wirc Direct-Current Distribution Networks, Some Comparison 
in Cost and Operation.” 

Thursday, January 15. .Royal Society, Burlington House, Piccadilly, W., 4.30 p.m. 

Royal Institution, Albemarle Street, VV., 3.15 p.m. Mr. J. S. Huxley, “ The Courtship of Animals and 
its Biological Bearings.'’ (Lecture 1). 

Chemical Society, Burlington Flouse, Piccadilly, W., 8 p.m. 

1, Messrs. FL E, Turner and A. B. Sheppard. 6-Chlorophenoxarsinc. 

2. Messrs. G. A. R. Kon and R. P, Linstead. (a) The Chenustry of the three-carbon system. 

Part 111 . OLli-fiy change in unsaturated adds. r 

1. (b) The Chemistry of the three-carbon system. Part IV. A case of retarded mobility. 
Tropical Medicine and Hygiene. Royal Society of, ii.Chandos Street, W., 8.15 p.m. Colonel Gage 
and Colonel Clayton Lane, “ The Alkaloids of Cinchona and Malaria." 

Mincralogical Society, at the Geological Society, Burlington House, Ihccadilly, W., 5.30 p.m. 

Mining and Metalhirgv, Institution of, at the Geological Society, Burlington House, Piccadilly, W., 
5.30 D.in. 

Mechanical Engineers, Institution of (Midland Branch), Queen's Hotel, Birmingham, 5.30 p.m. Annual 
Meeting. 

Vk’taria and Albert Museum, South Kensington, S.W., 6 p.m. Prof. J. H. Worthington, “ The Elements 
of Artistic Design as illustrated by Fmgliali Buil^ngs in the 18th Century.” 

Friday .January 16. .Chemical Industry. So<uety of (London Section, Enginc>ering Group), at the Royal Society of 
Arts, John Street, Adelphi, W.C., 8 p.m. Mr. T. W. S. Hutchins, " The Low Temperature Treat¬ 
ment of Bituminous Materials.” 

Royal Institution, Albemarle Street, W., 9 p.m. Sir William Bragg. ” The Investigation of the Properties 
of Thin Films by means of X-Rays.” 

Central Asian Society, at the Royal United fkrvice Institution, Whitcball, S.W., 3 p.m. Lt.-Colonel 
j. H. M. Cornwall, “ Turkey To-Day.” 

Geologists'Association, University College, Gower Street, W.C., 7.30 p.m. Mr. T. W'. Marsh, “The 
Alongshore drifting of Beach Material.” 

Sanitary Institute, Town Hall, Newcastle-upon-Tyne, 4 p.m. 

1. Dr. A. F. G. Spinks, ” Maternitv and Child Welfare Practice." 

2. Mr. H. G. Hilton, “ Cleansing and House Refuse Removal in Ncwcastle-upon-Tyne.” 

3. Mr. T. Parker, “ Elimination of the Tuberculous Cow.” 

4. .Mr. C. Raines, “ The Sanitation of the Cinema.” 

Metals, Institute of (Local Section), University College* Singleton Park, Swansea, 7.15 p.m. Prof. C. A. 
Edwards, “ Alloys and tb^ir Properties.” 

Engineers, Junior Institution of, 39, Victoria Street, S.W., 7.30 p.m. Major A. M. Taylor, “ Electrical 
Power Transmission at 150,000 Volts and Upwards.” 

SvTORDAY, January 17.. Royal Institution. Albemarle Street, W., 3 p.m. Mr. G. Gordon, “The Women of 
Shakes^re.” 
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All communications for the Society should he addressed to the Secretary, John Street, 

Adelphi, W,C, (2.) 

NOTICES. 

-- 

NEXT WEEK. 

Monday, January 19th, at 8 p.m. (Cantor Lecture.) V. E. Pullin, 
Director, Radiological Research ^Department, Woolwich, “ Radiological 
Research—A History.'' (Lecture I.) 

Wednesday, January 21st, at 8 p.m. (Ordinary Meeting.) Mrs. 
Graydon-Stannus, " Irish Glass, Old and New." (wSpecimens of the glass 
will be exhibited.) Sir Herbert Jackson, K.B.E., F.R.S., will preside. 


INDIAN SECTION. 

Friday, 9th January, 1925 ; The Hon. Vicary Gibbs in the Chair. 

The sixth Sir George Birdwood Memorial Lecture, " Government Botanical 
Gardens," was delivered by Lieut.-Colonel Sir David Prain, C.M.G.^ 
C.I.E., LL.D., F.L.S., F.R.S., I.M.S., late Director of Royal Botanic Gardens, 
Kew. 

The lecture will be published in a subsequent number of the Journal. 


BINDING COVERS FOR JOURNALS. 

For the convenience of Fellows wishing to bind their annual volumes of 
the Journal, cloth covers can be supplied, post free, for 2s. each, on application 
to the Secretary. 


TEN-VOLUME INDEX TO “JOURNAL.” 

The amalgamated Index to the Journal of the Royal Society of Arts for Vols. 
LXI.-LXX. (1912-1922) is now ready, and can be obtained by Fellows of 
the Society on application to the Secretary, Royal Society of Arts, John 
Street, Adelphi, London, W.C. 
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Some copies of the ten-volume indexes for Vols. I.-X. (1852-62), XI.-XX. 
(1862-72), XXXI.-XL. (1882-92), XLI.-L. (1892-1902) and LI.-LX. (1902-1912) 
are still in stock, and can also be obtained by Fellows on application. The 
index for Vols. XXI.-XXX. (1872-82) is out of print. 

The price to non-Fellows of each index is 2s. 6^^. 


PROCEEDINGS OF THE SOCIETY. 


CANTOR LECTURES. 

MODERN COLOUR PROBLEMS. 

By Louis C. Maktin, D.Sc., A.R.C.S., D.I.C., F.R.A.S., 

Lecturer in the Department of Optical Engineerinj? and Applied Optics, Imperial College 

of Science and Technology. 

Lecture I .—Delivered November 24///, 1924. 

It is of no little interest to speculate upon the nature of the criticisms which 
future ages will pass upon th(^ scientific culture of the present time. The 
unparalleled expansion of natural knowledge during the nineteenth and early 
twentieth centuries will be seen as the harvest derived from patient efforts 
in previous times, more especially from the Renaissance onwards. The 
growth and development of ]X)pular education in scientific subjects is in¬ 
dispensable in the present conditions of our mushroom-grown industrial 
civilisation ; but the examination system, which is at present a vital part 
in the existing educational machine, has not only constrained the progress 
of culture along extremely arbitrary lines, but has constantly retarded the 
development and advance of thought on many subjects. Thus it chances 
that the study of colour, one of the most fascinating and educational regions 
of applied optics, and incidentally a subject of no little practical and industrial 
importance, receives scant attention at the present time. It demands a range 
of study much bc^yond the narrow limits of examination subjects. Certainly 
these arbitrary divisions of icnowledge* arc the most amazing feature of the 
Natural Science of our own time, and while they will receive severe condemna¬ 
tion from future ages, the past also condemns them with no uncertain voice. 

In order to deal adequately with problems of colour and colour measurement, 
it is necessary to study the nature of light and the mode of action of some 
optical instruments ; the functions of the eye and the psychology of colour 
vision must also receive their due share of attention. It is clearly impossible 
to restrict such a study within the bounds usually ascribed to physics, 
physiology or psychology. Nevertheless, in the present condition of science 
which attributes to ** things'' a reality and concreteness of a type not 
associated with thought and sensation, we feel bound to begin with the study 

• A glaring example was the division of “ Physics " into" Sound,"** Light,*’ " Heat," 
etc., for separate and isolated class and examination subjects. 
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of the more objective parts of our subject. Therefore it is necessary briefly 
to notice some of the results of the study of radiation. 

The Study of Radiation. 

The construction of the ordinary spectroscope (Fig. i) is well known, and 



Fig. I. 


it will not be necessary to describe its general mode of action here. When 
it is used with sunlight a band of light exhibiting variations of hue to the 
eye is seen in the eyepiece, or may be received on a screen placed in the 
focal plane of the telescope lens of the instrument. Visual observation is 
by no means the only way of studying the spectrum ; a photographic plate 
may replace the screen, or again a slit in the screen made parallel to a mono¬ 
chromatic image of the collimator slit will transmit a narrow section of the 
spectrum which may thus be received on a delicate thermometer, such as a 
thermopile or bolometer, in order to measure its energy. Even with the 
ordinary spectroscope, in which the prism and lenses are of glass, it is found 
that energy is still transmitted by the slit in the screen when it is moved 
beyond the visible limits of the spectrum, more especially at the red end. 
The effect is increased by the use of such an apparatus as used by Paschen* 
and shown in Fig. 2, where the prism is made in fluor spar or rock salt and 



Fig. 2. 


the lenses of the ordinary spectroscope are replaced by silvered concave mirrors* 
It is then foimd that the visible portion of the spectrum is only a narrow 

* A useful list of Paschen's papers is given in Baly's Spectroscopy, 1912 edition, p. 272. 
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section of the whole radiation spectrum, as it is further possible with the 
aid of a suitable diffraction grating to determine the wave length of the 
radiations falling upon the thermometer. 

It is thus possible to obtain a measure of the relative energy of different 
parts of the spectrum by moving the slit and thermometer through the whole 
range of it. No refracting prism will, however, give a spectrum in which 
the deviation is proportional to wave length, and hence the range of wave 
lengths found in the radiation transmitted by the slit will not be constant. 
If this range at wave length X be denoted by SX and the corresponding energy 
as found by the thermometer be denoted by 8E, then the energy per unit 


range of wave length at X is given approximately by 


Sh: 

SX* 


Naturally the 


values of SX have to Ix^ determined ,by special methods, but when they have 
been found it is possible to plot a curve showing the relative energy per unit 
range of wave length (assuming a very small unit) at any position in the 
spectrum. 


If the corrections to the ex^x^rimental results are projx^rly made, acurveof 
practically the same shape will always be obtained, no matter what apparatus 
for dispersion is employed, that is, of course, provided the original source 
of radiation and other conditions remain constant. Nevertheless, the result 
is not qniie the one required on account of the necessary finite width of the 
two slits, the collimator slit and the thermometer slit, and a further correction 
may be necessary. This correction is usually of imixirtance only if the energy 
curve happens to pass through a sharp maximum or minimum. When it 
has been made, the curve obtained will be almost (exactly the one which would 
be obtained if by any means a sujxjrlatively sensitive thermometer could 
be used with vanishingly narrow slits. We shall thus obtain a curve which 
shows the characteristic relative energy distribution in the spectrum of the 
source, or in mathematical terms, the relation between the differential co- 
dE 

efficient " and the wave length itself. In expressions given below this 


differential co-efficient is simply denoted by 


If a number of different bodies are taken and heated to some common 
temperature well above that of their surroundings they manifest varying 
powers of radiation. As is well known, the best radiators are substances such 
as charcoal, which absorb radiation well when it falls upon them ; the worst 
are those which reflect well, such as polished metal siu^aces. The conception 
of the best radiator, the ideal "black body," which reflects no light, is, 
therefore, not difficult to form. Its nearest practical realisation is the small 
mouth of a box or chamber with a blackened interior, which, indeed, looks 
very black to the eye, and which, as a fuller discussion can easily show, 
approaches very nearly to the ideal. It can be made in porcelain or other 
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material capable of withstanding high temperatures, and can be heated by 
an electrical furnace or other means. With the help of apparatus of this 
kind Lummer and Pringsheim* carried out their classical experiments on the 
distribution of energy in the spectrum of a “ black body at various tempera¬ 
tures. The character of the results is shown readily, by Fig. 3. Not only 



Fig. 3. 

does the total energy increase very rapidly at all wave lengths with rising 
temperature, but the maximum moves towards shorter wave lengths. In the 
diagram the position and extent of the visible spectrum is indicated. 

It will be noticed that in every case the energy falls rapidly towards 
the region of shorter wave length when the visible region is approached. 
Almost every practical source of artificial light consists of some body raised 
to incandescence, and consequently by far the larger proportion of energy 
is emitted in radiation incapable of causing a sensation of light, and finally 
becomes dissipated as heat. In practically every artificial illuminant the 
maximum energy of the spectrum lies well away from the visible region into- 
the infra red, as is shown in Fig, 4. 

In 1896 Wienf published his account of a theoretical investigation on; 
thermodynamical principles which attacks the same problem as that dealt 
with experimentally (later) by Lummer and Pringsheim. Wein's expression, 

_ _ ^ 

viz.:—where Ci and are constants, X is the wave length 


♦I.ummer and Pringsheim. Ann. der Phys. Bd 6, p, 192 (1901)* 
t Ann. d. Phys. Bd. 58, p. 662 (1896). 
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Fig. 4.—Energy Distribution in the spectra of various illuminants. 

A—Blue sky. Low sun (Smithsonian). 

B—High sun (data from Smithsonian Tnstn.) E—Gas filled tungsten lamp. 

C—Ive’s suggested standard (Black body F—^Acetylene flame, 

at 5,000"). 

and T is the absolute temperature, was found capable of representing the 
results of experiment satisfactorily in the regions of shorter wave length, but 
more recently an empirical expression was given by Planck*, which represents 
experiment through wider ranges. In modern literature a ** black body " 
is often referred to as a “ Planckian radiator.*’ The main facts regarding the 
performance of a full radiator arc thus well known, so that for example, if 
the energy curve of radiation for any source can be determined, its temperature 
can be calculated on the assumption that it radiates in accordance with Planck's 
law, which may be written 

When X is expressed in terms of jx, and T in terms of absolute temperature, 
C2 is approximately 14350. Hence taking X= .5(jl (middle of spectrum) and 
T=5000° (sun), we see that we shall, therefore, make little error if we keep 
to the simple form of Wein's law. Generally speaking, in view of the probable 
experimental error in any practical experiments on energy distribution, we 
are amply justified in adopting Wein’s law as amply accurate, provided that 
the discussion is confined to the visible spectrum. 

One of the pioneers in the study of infra-red radiation was Professor S. P. 
l.angley, who in 1881 invented the bolometer (a very delicate type of platinum 

* Ann. d. Phys. Bd. i. p. 69 (1900). 
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resistance thermometer) for the purpose of investigating the infra-red spectrum 
of solar radiation. 

The results ol Langley's work have been published in early volumes of the 
AnnaLs of the Astrophysical Observatory, Washington. It was found that 
the infra-red spectrum contained many strong absorption bands, some of 
which could be traced to atmospheric absorption. By transporting the 
apparatus to the top of Mount Whitney, Langley was able to make an estimate 
of the atmospheric effect. Solar radiation has, however, many dark lines 
in the infra-red corresponding to the well-known Fraunhofer lines, in the 
visible spectrum. 

Further work on the same lines has been carried out by Abbot*, of the 
Smithsonian Institution. The data thus obtained on the energy distribution 
in the visible portion of the spectrum have been examined by Priest f, who 
gives a curve representing the broad features of the mean energy distribution 
for noon sunlight. From this it appears that though sunlight does not follow 
strictly the law of Planck, it resembles approximately the radiation of a black 
body at an absolute temperature of 5,000°-5,300°. The wave length of 
maximum energy may be taken as .sqjx sufficiently nearly. 

Other observers have investigated the relative energy distribution in the 
spectra of other illuminants. For example Nichols]; has compared the 
radiation from the sky under many conditions with that of an acetylene 
flame, using methods of visual spectrophotometry. If the energy distribution 
for such a flame be found (as has been done) the corresponding values for 
the sky radiation can be immediately calculated from Nichols' results. §Hyde, 
Ives, Cady and Luckiesh, working in the laboratory of the National Electric 
Lamp Association, have also examined the energy spectra of other illuminants, 
such as various electric and gas lamps. Curves and tables of their results 
are given in Luckiesh’s book on “ Colour." 

Several energy distribution curves arc given in Fig. 4 for blue sky, high 
and low sun, black body at 5,000®, gas-filled electric lamp, and acetylene. 
The physical characteristics of the types of radiation due to these sources 
arc now fairly well known. It must still be remembered that, as shown by 
Nichols, daylight is a very variable quantity ; when modified by transmission 
through fog or dust it may approach much more nearly to the distribution 
characteristics of artificial light, because of the scattering of the shorter wave 
length constituents. The results for high sun and low sun, shown in Fig. 4 , 
are those due to Abbot (Smithsonian Institution). Ives suggested in 1910 
that a standard of daylight should be the radiation of a black body at 5,000® 

• Ann. Astroph. Obs. Smithsonian Instn. Vol. 3, p. 135. 

t Phys. Rev. Vol. ii, 1918, p. 504, and Scientific reapers Bur. of Standards, Xb. 417. 

t Phys. Rev. Vols. XXVI. and XXVIII. 

Ji Jour. Franklin Inst., 1910, p. 439. Trans. Illuminating Eng. Society. America, 
1910, p. 189. Trans. Illuminating Eng. Society. America, 1914, p. 839. 
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(maximum energy at about .5911), but since a great deal of colour work in day¬ 
light is done (for preference) in rooms which receive much more blue sky light 
than simlight it has been suggested by Dr. H. P. Gage* that an average 

daylight should be a compromise between blue sky light and sunlight, 
such as would be given (extrapolating from Planck's law) by a black body 
at a temperature of 6,500°-7,ooo®. Such a standard will, imdoubtcdly, repre¬ 
sent closer approach to the north light considered desirable by artists, and 
the present writer, in dealing with the problem of selecting the best type of 
energy distribution for artificial daylight*!*, has alw 3 Lys advocated the adoption 
of some such compromise. 

Selective Effects of Transmission and Reflection. 

It is well known that " light " radiations can be modified by transmission 
or reflection through or from certain material substances, and further that 
such modifications most often arise by reason of the selective absorption 
of some of the wave length components of the original beam. In the present 
discussion we are concerned mainly with such actions as are manifest in the 
region of the visible spectrum. “ Coloured " glasses are familiar objects, 
and their physical effect on radiation could be roughly investigated with 
the help of an apparatus such as that shown in Fig. 2, provided that two 
energy curves of some steady source were taken, first with the collimator 
slit free, second with the coloured glass supported in front of the slit normal 
to the entering light. In fact, physical methods of spectrophotometry]; 
are finding an increasing usefulness, more especially the “ null methods " 
in which photoelectric cells are employed. Visual methods are, however, 
much easier and in more common use. Whatever be the method, it will 
usually yield for a series of narrow spectral regions the ratio of the energy 
of the incident beam to that of the emergent beam, sometimes called the 
" opacity." Suitable corrections may be necessary for the effects of spectral 
impurity as mentioned above.§ The experimental results may thus be em¬ 
ployed to find a curve expressing the opacity (or perhaps the percentage 
transmission) for the sample of coloured glass and its variation with wave 
length. Similarly, visual methods can be employed for the investigation 
of the selective effects of reflecting surfaces, although greater difficulties are 
encountered in such cases owing to the diffusion of the light. It gives direct 
readings in terms of " density " (that is the logarithm of the opacity) when 
used to determine the proportion of a light filter. 

♦ Sibley Jour, of Eng. 30, No. 8, May, 1916. 

t Illuminating Engineer, Feb., 1920, Colour and Methods of Colour Reproduction, 
Blackie, 1923* 

t Dictionary of Applied Physics, Vol. IV., p. 749. 

§ A discussion of visual spectrophotometry and the necessary corrections is given 
in the author's book on Optical Measuring Instruments. Blackie, 1924. 
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Artificial Sunlight. 

The simple nature of the curves expressing the energy distribution of 
illuminants in the visible region shows that the properties required of a light 
filter which is capable of correcting the (excessive energy of the longer wave 
lengths in the case of most artificial lights are not of a complicated nature. 
That this is so appears at once from consideration of Wien’s law, assuming 
that this is capable of representing the energy distribution for such cases, 
at least in the visible spectrum. 

The energy of an artificial source at a temperature T^ as modified by a 
light filter of opacity at wave length X is given by— 

^X, Tj ^jX c XT^ 

■ Ox ■" 

The energy of another source at temperature T2, the energy distribution of 
which it is desired to imitate, is given by— 

C2 

A, I2 1 

In order that the energy distribution in the first case may be similar to that 
in the second, the ratio of the corresponding members of equations 2 and i 
must be constant, or independent of the wave length, 

C2 

^ XTa 

- = constant . O x » or, taking logs, 

C2 

e XTi 

but since the log of opacity is the density this gives:— 

density--- —k^ 

(where and 7^2 are new constants for a given Tjand T2), which shows that the 
density of a correcting filter must bear a simple appropriate linear relation 
to the reciprocal of the wave length, or to the frequency of the light. The 
required relative densities or transmission co-efficients can easily be calculated. 
It is usually found sufficient to give the correcting filter or reflector a maximum 
transmission or reflection at about .451X. It should then conform to the 
correct law throughout the range of wave lengths longer than this. We shall 
return to this point. 

Selective Effects of Transmitting and Reflecting Materials. 

By far the greater number of the visual objects of ordinary experience 
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retain very much the same hue under various conditions of lighting, and the 
physical explanation is naturally that in the majority of cases the selective 
effect is to give relative prominence to the energy of some local spectral region 
in the transmitted or reflected light, so that, provided the illuminant has a 
continuous spectrum, the appearances of a green book, a stick of yellow sulphur, 
and the like, remain fairly constant. The well known effects of visual fatigue 
enter also into the question. It has been shown that in artificial light the 
energy of the spectrum increases towards the longer wave lengths. Hence 
the colour fatigue of the retina will be correspondingly greater as the energy 
increases. Although an electric lamp appears very yellow in sunlight, a cloudy 
winter sky will seem very blue when seen in the late afternoon from the interior 
of a ::oom brightly illuminated by the same lamp. The white table cloth in 
the same room still bears its characteristic " white ” appearance. We are 
reminded of the principle of the constancy of the colours of material objects 
set forth by the psychologist Hering. This principle, however, is only a very 
rough approximation, and in many cases it breaks down altogether. 

Many phj^ical substances, especially dyes, show strong wide absorption 
bands in the central portions of the visible spectrum of the transmitted or 
reflected light. Their colour thus depends on a mixture of lights corresponding 
to separated spectral regions—a short wave region and a long wave region. 
Purple substances are typical examples. They show extremely great changes 
of hue when taken from sunlight into " blue sky light'' or from daylight to 
artificial light, but there arc many examples of grosser changes. Fig. 5 shows 
(curves for a and b) the reflection co-efficients throughout the spectrum of two 
dark blue fabrics. In daylight they match perfectly, but, owing to the increased 
relative energy of the longer wave lengths of artificfal light, a appears a dark 
reddish purple in electric light, while b still appears blue, albeit much darker 
than in daylight. 

1 he darkening effect on blues and greens can easily be observed experi- 
mentaUy. Artists know well the diminished capacity for colour perception 
caused by artificial illumination, athough gross colour changes arc rare. As 
another example of a most striking change the fabric having the reflection 
curve c (Fig. 5) may be instanced. In daylight it is a decided moss green, 
hut in artificial light it becomes brown. Just as in the case of a, there is 
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strong reflection in the extreme red, and consequently an excess of red energy 
from reflected artificial light. Such colours are known to the dyers as 
“ sensitive tints.*' 

It is surprising to realise the great number of commercial processes which 
depend largely on the accurate colour discrimination which demands daylight 
or corrected artificial light. The grading of many products, tea, tobacco, 
flour, and many other foodstuffs, paper, pigments, dyes, fabrics, and the 
like, is wholly or partly dependent on colour estimation. The drapery trades 
have already recognised the importance of correct lighting, and there are still 
fields for the application of adequately corrected illuminants in the lighting 
of public picture galleries. It seems absurd that such galleries should be 
closed at sunset, when so many of the general public have no time to visit 
them except during the evening. 

Spectrophotometric Data. 

It is not possible in the present lecture to deal with the methods and results 
of spectro-photometric examinations of transmitting and reflecting materials. 
Systematic quantitative work on the absorption of light by coloured glasses 
of definite composition has been done by Zsigmondy.* Abneyf has examined 
the reflection co-efficients of many pigments. Uhler and Wood (1907), Jones 
and Anderson (1909), and Kenneth Mees (1909) have published useful atlases 
of absorption spectra which are chiefly useful from the qualitative standpoint. 
Messrs. Kodak, Ltd., publish a booklet giving numerical data and curves for 
their useful series of dyed gelatine light filters. Numerical data J on “ Spectral 
transmission of dyes " are being obtained by the Bureau of Standards, U.S.A., 
and some of the work has already been published in a paper which gives a good 
description of the experimental methods. The investigation of the spectral 
reflection of opaque materials is carried out most easily by Abney's colour 
patch apparatus, for a description of which, and also of the results of his 
work on pigments, reference may be'‘made to the Cantor lectures on Light 
and Colour delivered by Abney in 1888. A description is also given in the 
present lecturer's book on ** Colour." 

Artificial Daylight. Early Attempts and Modern Developments. 

In 1887 Ha5rward patented an invention for the improvement in the reflection 
of light by reflection of metal or silvered glass. When a "whiter description 
of light " than that given by gas or oil lamps is required he proposed the use 
of a tubular reflector covered at one end by a sheet of blue tinted glass. In 
1892 A. P. TrotterS suggested the use of selective light filters or reflectors 

• Ann. d. Phys. 4.60 (1901). Zcit.f.lnst. 21.97 (iQoi)- 

t The Action of Light on Water Colours, H.M. Stationery Office, 1888. 

} Scientific Papers (Bureau of Standards), No. 440. 

g Jour. Inst. Elec. Eng., Vol. XXI. 
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for correcting the distribution of energy in the spectra of artificial' light sources. 
In 1899 Dufton and Gardner brought out a screen for the correction of an 
arc light which employs a glass filter coloured blue green with copper. A 
trace of uranium in the glass absorbs the excess of violet light from the flame 
of the arc. They also mentioned, in the patent specification, the possible 
emplo5anent of a coloured reflector. Wood (1908) suggested the emplo3mient 
of filters of glass coated with resinate varnish, suitably coloured, for the 
correction of the light from ordinary metal filament electric lamps, and Mees, 
in 1910, produced a compound screen of two glasses with an intermediate 
dyed gelatine film for the same purpose. It had been found that neither 
“ copper ” nor " cobalt ” glasses alone were entirely satisfactory. The use of 
dyed gelatine films is, however, not very advisable, mostly on account 
of their tendency to fade. Ives and Luckiesh, in 1911, produced a similar 
compound screen. The next attempt was in 1912, by R. B. Hussey, 
who used two glasses arranged in checker board fashion ; the transmitted 
light from an arc lamp was mixed by diffusing screens. In 1914 Luckiesh 
produced a glass for use with tungsten lamps, which aimed at improving, 
but not totally correcting the light. In the same year Ives and Brady produced 
satisfactory fully correcting glasses for use with Welsbach mantles and tungsten 
lamps, but this glass is not now obtainable to my knowledge. The 
war period naturally produced a lull in developments, but in 1919 the Corning 
Glass works brought out and patented a glass due to H. P. Gage, which has 
found wide commercial use in the Macbeth lamps. Glasses of this type 
usually have a lead potash basis with certain proportions of cobalt, manganese, 
nickel and copper (no doubt with other'%igrcdicnts). - Correction on an entirely 
different basis, recalling the earlier suggestions of Trotter and Dufton and 
Gardner, was suggested by G. Sheringham in 1919 as the results of independent 
experiment. This suggestion as brought to the present lecturer, was to employ 
a suitably coloured reflector in conjunction with a gas filled electric lamp, 
so that the excess of “ cold light from the reflector should compensate for 
the excess of red and yellow in the direct light from the lamps. It was found 
possible by exhaustive experiments carried out with the aid of A. Klein, to 
produce a lamp in which effective coirection was secured by reflection of all 
the light of the lamp from a reflector coated with certain pigments distributed 
in small areas in certain determined proportions. The unit was manufactured 
and received the name of the Sheringham Daylight. Details are given in 
" Colour, and Methods of Colour Reproduction.*' Lamps with the bulb 
blown in blue-green glass were being placed on the market about this time. 
The correction given is by no means so drastic as with the north-light units, 
so that a greater efficiency in light value " can be maintained. 

About this time Messrs. Chance Bros., of Birmingham, produced their 
Daylight Glass, which is employed alone in certain xmits for the correction 
of the light from gas-filled lamps. In order to keep up the luminosity of the 
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transmitted light a slight excess of green transmission was tolerated by the 
manufacturers. Lamplough has found it possible to correct such an excess 
of green in the transmission of a glass by the use of gold as an ingredient in 
the glass, or by the use of supplemental^ filter of glass coloured to a light 
purple with gold. The principle is carried out in the Lamplough Day-lamp. 
Messrs. Kodak, Ltd., have also produced a lamp in which an improved 
screen due to Mees is employed. 

The discussion of the effect of filters intended for the correction of artificial 
light can be greatly simplified by using the simple fact proved above, in that 
the density of the ideal correcting filter should bear a linear relation to the 
reciprocal of the wave length, under the assumption of “ black body" 
radiation in all cases. From sources given above we extract the following 
table:— 


Relative Energy. 





Gage’s average 

Ive’s average 

Wave Length. 

Gas-filled 

Blue Sky. 

daylight 

daylight 

(i^) 

lamp. 


Black body at 
7,000°. 

Black body at 
5,000®. 

•45 

30 

187 

129 

84-3 

•59 

100 

100 

100 

100 


Let the density of the correcting filter for the gas filled lamp be zero at 
.45{x, then for example, if t is the transmission factor at .59(x of this filter 
to correct “ gas-filled lamp ” energy distribution to ** Ive's average daylight/' 
we see that 

/ X 100 100 

30 ~ 84-3 

Hence the density required=log (i/^) = 0.449. For correction to Gage’s 
average daylight and “ blue sky" the densities required would be .633 
and .800 respectively. From the fuller tables given by Luckiesh and others 
the densities for a whole series of wave lengths can be thus derived, and the 
truth of the above theoretical law verified by plotting the density against the 
reciprocal of the wave length. 1 


In Fig. 6 we erect ordinates at —=1.695, (x=.59iJt), of heights 0.449, 

0.633, and 0.800. We join these points to the point of zero density at = 

X 


2.22, (X=.45(i). These straight lines represent the properties of ideal filters 
to correct the light of a gas filled lamp to qualities of noon sunlight (Ives), 
mean of sunlight and blue sky (Gage), and blue sky light. An actual filter 
woiild still give a correct qualitative rendering if its density line or curve 







2 o8 journal of the ROYAL SOCIETY OF ARTS. 


Jan. 16, 1926. 



is uniformly displaced vertically above the ideal line, for the effect would 
be equivalent to two filters superimposed, viz. :—The ideal filter and one ol 
uniform density (i.e., a non-selcctive or neutral filter). The three points 
to be observed are thus :— 

(1) The general slope (determining the type of correction). 

(2) The regularity (determining the perfection of quality). 

(3) The vertical displacement (determining the filter efficiency as 

compared with the best possible result). 

In Fig. 6 arc also plotted densities of Chance's daylight glass as obtained 
fn:)m spectro-photomcter readings.* The general slope correspond to Gage's 
mean. The density is too low in the extreme red, and also slightly low in the 
green, as compared with the brighter parts of the ends of the spectrum. The 
density of a glass coloured with gold, such as used by Lamplough, is also shown, 
and the resulting density when this filter is superimposed on one of Chance's 
gla.ss. The average type of correction is in this case rendered nearer to the 

Ives " standard. The variations from the ideal straight line are in narrower 
regions than with the Chance's glass alone. These curves have considerable 
interest, as showing the possibilities' of progress in any future experiments 
along these lines. 

Defects in Artificial Daylight. 

Plotted in Fig. 7 is shown the visibility curve for the normal spectrum. 
This represents for any wave length the value of the fraction :— 

_relative luminosity as compared with white 

relative energy. 

It will be seen at once why the gross departures from the simlight curve 
shown in Fig. 7 at each end of the spectrum in the energy of the corrected 

* I am indebted for these results to Messrs. Chance, Bros., Ltd. 
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light do not procure a hopeless effect. The visibility of i^adiation at each 
end of the spectrum is extremely low, so that although an excess of extreme 
red ” energy and a deficiency of extreme violetis found (and, in fact, the 
same thing is found in all such lamps of which I have any knowledge), the eye 
cannot usually perceive the discrepancy or its effects when the light falls on 
coloured objects. Nevertheless, there are certam of the sensitive tint 
objects which are likely to exhibit more or less change when brought from 
“ north sky light to the corrected artificial light. Furthermore, the ro^sidual 
irregularities in the energy curve which also seem to be always inevitable are 
likely to produce slightly abnormal effect in special cases. It is of interest 
to note that with the reflector method (Shcringham daylight) it is possible 
to produce a smoother energy distribution than is the case with some of the 

filter ” imits. 

In spite of these minor difficulties the proper application of corrected lighting 
units has been found to be fairly satisfactory and efficient for most of the 
requirements of commerce and industry. Testimony is not wanting on that 
score. Where difficulty has been experienced it is usually the n'sult of 
inadequate light intensity, which makes sensitive colour discrimination 
impossible. Where fine work must be done on a table or desk, a unit with 
an interior reflector of the focusing type should be employed. On the other 
hand, where accurately corrected light is required spread over a large area, 
a large thoroughly diffusing unit with a powerful lamp will be found of service. 
Care should be taken (actual measurements with a suitable brightness photo¬ 
meter, such as the Holophanc Lumeter, are desirable) that the illumination 
on a table for colour matching or grading reaches a value of 2 to 4 foot 
candles at least. An increase even beyond this value will be a distinct 
advantage. Satisfactory diffusion of the light is very important, and when 
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imitating daylight, the dimensions of the effective source ought to be as large 
as possible. 

Recent work on colour vision* has revealed the fact that retinal reflex 
actions exercise an important influence in enhancing visual sensitiveness 
and discrimination, and some experiments by myself (unpublished at present) 
confirm this action. It appears that the reflex action is much greater at 
the violet than at the red end of the spectrum. Consequently the deficiency 
in the violet in artificial daylight may result in a relative diminution of retinal 
sensitiveness, and, therefore^, a somewhat greater intensity than is necessary 
in the case of real daylight may be called for if the same facility in colour 
matching is to be obtained. 

It will be realised that the great disadvantage of all the above methods of 
correction is the waste of a considerable amount of unwanted light—the 
excess energy of the longer wave lengths. For units giving a reasonably 
accurate correction a total light efficiency of 15 per cent, would be a good 
performance. Where only a partial correction is required efficiencies up to 
60 per cent, can be realised. The absorbed energy is simply converted into 
heat by the filter or reflector. In view of the heavy charges for lighting 
power there would seem to be almost a case for placing the artificial daylight 
on the cheaper heating energy'' scale. But unless it is possible to pc‘Tform 
the correction by some physical means radically different from those known 
at present, or to produce the light by other means, these losses are inevitable. 

Of other possible means the Moore lamp (using an electric high tension 
discharge through rareified carbon dioxide) has come neari'st to providing a 
satisfactory artificial daylight, but ' the spectrum is not continuous, being 
banded. Hence the lamp is apt to fail for colour matching in special cases, 
although the light is a good subjective white. These high tension tubes must 
have a special installation, and apparently their use has not develf)ped for 
these reasons. 

Laboratory Methods ov Control. 

Although it is difficult to secure a glass correcting filter with a very regular 
transmission curve, the gelatine Wratten Filter No. 78 (Messrs. Kodak, Ltd., 
Wratten Division) supplies a useful substitute in cases where for photometric 
purposes it is desired to correct the light of a Tungsten lamp to a visual “ day¬ 
light ** quality. The transmission in sufficiently regular between about .45 ijl 
and .67^. Full particulars are given in the Wratten Booklet. 

We notice in passing that the colour filter may be used in the form of 
spectacles, if desired, and in this connexion patents by Grosheintz and 
Glasgow were taken out in 1914. 

It is also possible to use physical means of correction other than light filters. 
The first may be explained as follows : Referring to Fig. i we imagine that 

• Frank Alien; Journal Opt. Soc. America, 7., p. 583 ( 1923 ). 
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in place of the eye-piece of the spectroscope we substitute a shoit focus telescope 
focused to view the back surface of the prism. The object glass of this telescope 
must be large enough to receive the whole of the visible spectrum as originally 
formed. Under these conditions the prism surface will be seen illuminated 
by light of the same quality as that entering the collimator. In the plane 
of the spectrum a rotating sector may now be introduced. Considering an 


ordinary sector as a light filter the density (i.e. log - 


incident light 


log. 


360“ 


transmitted light) 


. wUl be 


total angular opening. 

By using an opening of angular aperture which varies with the wave length 
transmitted at any radius, it will be seen that the angle will have to follow the 
simple law:— 

*^ + log ax = const. 


(where is the angle of the opening corresponding to wave-length X) when 
transforming black body radiation from the quality characteristic of one 
temperature to the quality of another. The necessary angles may, of course, 
be calculated from information already indicated regarding the energy 
distribution in the spectra of various sources. Corrections will probably 
be necessary on account of selective absorption in the instrument. Ives 
and Brady have used this method. With care, correction can also be given 
by a stationary opening of graduated width placed in the spectrum plane, 
but accuracy would not be so easy to obtain. The use of such rotating spectrum 
templates was suggested by Abney for other purposes in the Cantor Lectures 
of 1888. 

Priest employs a different arrangement. A combination of two nicol 
prisms with a quartz plate of suitable thickness between them acts as a light 
filter* exhibiting selective spectral transmission by the action of the 
rotary dispersion of the quartz. The possible variation of the angular position 
of the analyser permits the adjustment of the energy distribution in the 
spectrum of the transmitted light. When used in conjunction with an artificial 
source of light, such as a timgsten gas-filled lamp, the constants of the apparatus 
can be so chosen that the distribution of energy in the transmitted light 
follows the law of Planck. 

Priest defines the “ Colour temperature ” of a source as the temperature 
at which a hypothetical Planckian radiator (*' black body ”) would emit.light 
competent to evoke a colour of the same quality (hue and saturation) as the 
light from the lamp under test. By the above means he has investigated 
the colour temperatures of various artificial sources, and has also determined 
the approximate spectral distribution of energy which evokes a visual sensation 
devoid of hue, assuming that as the temperature rises the hue of the light 


* Jour. Opt. Soc. Amer. 4 pp. 485-486. 
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passes from a warm to a cold quality through a pure grey or white. The effect 
of temperature variation is imitated by the rotary dispersion method. From 
the results of this work Priest suggests that the standard of artificial daylight 
should be the radiation of a black body at a temperature of 5,200° imitated by 
the above rotary dispersion arrangement. 

P. R. Ord (Messrs. Adam Hilger, Ltd.) has carried out a scries of spectro- 
photometric experiments giving the relative variations of “ red,*’ “ green,*^ 
and " blue ** energy in the spectrum of North Sky light. The ratio of green 
to red varied between 31 per cent, and —25 per cent, on various days, while 
the corresponding variation of blue to red was between 45 per cent, and —25 
per cent. 

Direct comparisons between an artificial daylight lamp and “ north sky *' 
light were also made with the aid of the Hilger Nutting spectrophotometer. 
The results showed that the lamp was not fully corrected to north sky quality, 
but it would have appeared considerably better had the comparison been 
made with sunlight. The experimental method is of considerable interest, 
but in view of the difficulties encountered it would probably be more satis¬ 
factory to make the comparison of such lamps with precision artificial daylight 
produced either by the template or rotary disjxirsion method rather than 
with the highly variable daylight itself. The sjKxtrum of sky light is apt 
to show certain local irregularities depending on the surroundings. In the 
country chlorophyll bands may be detected, and in large towns it would not 
be surprising to find other types of. variation. 

Effects of Adaptation, 

One of the psychological factors against the use of artificial daylight is the 
cold quality of the light as compared with ordinary' artificial light, and, indeed, 
it should not be forgotten that when one shop window in twenty uses artificial 
daylight at night the general appearance will be judged by eyes accustomed 
to the ordinary illuminants, with the result that even a slight correction seems 
very much more drastic. If I were a shopkeeper I should not tolerate a lamp 
bulb giving (as so many do) an apparently greenish appc'arance to the general 
effect. For accurate colour matching the eyes must be given time properly 
to adapt themselves to the light from the fully corrected units, and this 
probably requires several minutes. The requirements for window lighting 
are thus totally different from those for producing the normal daylight effect. 


DR. MANN JUVENILE LECTURE. 

The fourth series of Juvenile Lectures under the Dr. Mann Trust was com¬ 
menced on Wednesday afternoon, January 7th, by Lieut.-Colonel E. H. 
Richardson, the subject being “ Dogs in War.” The chair was taken by 
Lord Askwith, K.C.B., K.C., D.C.L., late Chairman of the Council. 

In introducing the lecturer. Lord Askwith mentioned that under the terms 
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of the will of the widow of Dr. Robert James Mann a sum of money was 
bequeathed to the Society to provide for “ two or more lectures for the 
insthiction of a juvenile audience," in commemoration of her husband, and 
that Colonel Richardson's course was the fourth of this series. Dr. Mann, 
who was bom at ‘Norwich in 1817, resided from 1857 to 1866 in Natal. He 
returned to this country, and from 1874 to 1886 acted as Secretary to the 
African Section (now the Dominions and Colonies Section) of the Society. Ho 
took a great interest in the work of the Society and read numerous papers before 
it, mainly on subjects connected with Africa. His death occurred in 1886, 
and Mrs. Mann died in 1920. Colonel Richardson had devoted his life to the 
study and training of dogs, and, knowing this, the authorities, at the outbreak 
of the Great War, requisitioned his services for the training of dogs for military 
and other purposes. 

Colonel Richardson said he had been asked to talk about dogs and to 
give some idea of the extraordinary amount of useful work which could be 
accomplished by them in different capacities. Most of those in the audience, 
no doubt, kept dogs, and, therefore, knew how much pleasure and amusement 
they could give us ; and perhaps also they had realised how useful dogs might 
be to man if their remarkable intelligence was directed along practical lines. 
The subject of war dogs came into great prominence during the war. The 
fact that dogs could prove useful in warfare had for many years before this 
been recognised. As a matter of fact, dogs were used in warfare from ancient 
times, and the armies of the Greeks and Romans found them an important 
aid in their battles. He began to train dogs for military purposes thirty 
years ago, and had continued the work ever since. In his pioneer efforts 
he had met with a great deal of prejudice and indifference, owing to mistaken 
ideas as to the methods of training. There was nothing cruel in the training ; 
indeed, the most remarkable feature was the joyous co-operation between 
dog and man whenever its help was asked for. Like human beings, dogs 
were much happier in having some definite work to do, but the work must, 
of course, be within their capacity. The training rested on the affection 
and companionship between master and dog. Rough treatment totally 
spoiled that relationship, and dogs could not be trained on such lines. 

A long and interesting series of lantern slides followed. These showed dogs 
employed by the Russians during the Russo-Japanese War; bloodhounds 
used with the Spanish forces in Morocco; ambulance dogs used for locating 
the wounded on battlefields and guiding stretcher-bearers to them ; messenger 
dogs employed in carrying messages, plans, etc., between various bodies of 
troops; and dogs acting as sentries, guarding powder magazines and other 
vulnerable posts. 

In August, 1914, before the entry of the German troops. Colonel Richardson 
was on his way to Brussels, with some dogs intended to be used for ambulance 
purposes. It was, however, found that dogs were unsuitable for this 
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work on the Western front owing to the stationary nature of the warfare 
there; but they were employed for Red Cross duties on the Polish frontier. 
Sentry dogs and messenger dogs were much needed, and he was 
asked by the War Office to organise a training school for sentry , dogs. He 
outlined the methods of training and exhibited slides depicting the dogs at 
work. The types of dogs trained at the War Dog School at Shoeburyness 
ranged from a great St. Bernard to small cross-bred collies and lurchers. 
Nothing but British breeds were used in the British Army. The dogs were 
largely recruited from Lost Dog Homes in London and the provinces, numerous 
dogs being also sent to the training school from all parts of the country by 
private owners. One of the illustrations was that of a widow, whose husband 
and son were both killed in the war, bringing in her lost son's Airedale terrier 
to be trained at the school—the last thing she could do for her country. Mr. 
Holmes, the well-known American photo^pher, happened to be visiting 
the school at the time, and he snapshotted the incident. The picture was 
exhibited in many parts of America, and was said to have helped to break 
down in the United States any doubts our friends might have had as to the staying 
power and determination of Great Britain to fight the war to the finish. 

Sentry dogs were badly wanted for mounting guard, and Airedales were 
largely used for this class of work. The training took place mostly at night, for 
dogs worked a great deal better in the dark than by daylight, as their senses were 
then much more acute. Messenger dogs during their training were accustomed 
to work over very rough ground similar to that in the war zone, so that they 
could traverse quickly country impossible or exceedingly difficult for men. 
They were trained to leap obstacles, swim streams, and bring messages through 
a fusillade of blank rifle fire as well as smoke screens, and accustomed to the 
soupds of shell fire and bombing. All these exercises had to be done voluntarily 
by tk^ldog, who would carry vital messages across two and three, miles ol un¬ 
known country. Love for its master and th('. desire to rejoin hini were the 
dog's great incentive, which led him to face every kind of danger and difficulty. 

Colonel Richardson quoted official reports on some of the remarkable exploits 
of different war dogs, who on occasions had carried important messages, 
traversed country quite unknown to them, passed through gas and smoke, 
barrages of gunfire and masses of troops, and brought in messages when all other 
means of communication had failed. The collie dog " Roman" had carried a 
message a distance of 3^ miles from an infantry regiment in need of ammunition 
and entirely cut off. " Little Jim" had a remarkable gift of scent and was able 
to detect the approach of gas long before any one else. He never failed to 
give warning. He was a most reliable dog, and his speed in carrying messages 
was three or four times that of a runner. The lurcher dog " Creamy " was 
attached to the Black Watch Regiment. He had brought a map through in 
25 minutes—a task which would have taken a runner from 2J to 3 hours. 
The dog had only been at the front one night before being called upon to perform 
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the duty. An old English sheep dog, " Tweed," brought a message through 
a fierce barrage and enabled troops to be rushed to the spot to relieve a serious 
situation. The dog and its keeper were devoted to one another and now 
they were both in Canada. The^ report on " Trick " stated that whenever a 
message of urgency and importance was to be forwarded, he was immediately 
sent for and he had never proved untrustworthy. " Maggie " had brought 
in a very important me sage although dangerously wounded. After brilliant 
service this dog had laid down her life on the field of battle, and it was im¬ 
possible to estimate the number of lives saved by her alone. Colonel Richardson 
added that he had only touched upon the many brave deeds of these war 
dogs. 

At the conclusion of the lecture. Colonel Richardson introduced to the 
audience "Tom," a battle-hero, wJio had done some wonderful work in 
France, and three Airedales under training as war-dogs. 


THE SWINEY CUP. 

On page 217 is given an illustration of theSwiney Cup, which was awarded this 
year to Sir Paul Vinogradoff, D.C.L., EL.D., F.B.A., Corpus Professor of Juris¬ 
prudence in the University of Oxford, for his w’ork, *' Outlines of Historical Juris¬ 
prudence.*’ 

The Swiney Prize was founded in 1844 by Dr. George Swiney, wlio bequeathed 
the sum of £5^000 Consols to the Society of Arts for the purpose of presenting 
a prize, on every fifth anniversary of his death, to the author of the best published 
work on Jurisprudence. The prize is a cup of the value of ,^ioo, and money to 
the same amount. ^ 

The cup presented this year is the work of Mr. Charles Welch, of the I^.C.C, 
Central School of Arts and Crafts, and is a fine specimen of hand-made silver¬ 
smith’s work. The body, base of foot, and cover are shaped with ten flat sides. 
The base of the foot has a panel of hand-pierced ornament. The steq^^f the 
foot is circular in shape, and the knop is enriched with a band of engraved ornament. 
The derign of the knob on the cover is adapted from the Society’s seal, and shows 
the Serpent of Wisdom encircling the world. The height of the cup is eighteen 
inches. 


MEETINGS OP THE SOCIETY. 

Ordinary Meetings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced:— 

January 21.— Mrs. Graydon-Stannus, " Irish Glass, Old and New.'* 
Sir Herbert Jackson, K.B.E., F.R.S., will preside. Specimens of the glass 
will be exhibited. 

January 28.— Charles A. Baker, M.I.E.E,, Assistant Engineer, London 
County Council, " The Electrical Equipment of the London County Hall." 
Sir George Hopwood Hume, M.P., Aldermail, London County Council, will 
preside. 



Jan. 16. 1926. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


217 










2I8 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Jan. la, lots. 


February 4.— Sir Ernest Rutherford, O.M., M.A., D.Sc., F.R.S., 
Trueman Wood Lecture, " The Stability of Atoms." Senatore Guglielmo 
Marconi, G.C.V.O., LL.D., D.Sc., Chairman of the Council, will preside. 

February ii (at 4.30 p.m.).— Sir J. Fortescue Flannery, Bt., Past- 
President of the Institute of Marine Engineers," The Diesel Engine in Naviga¬ 
tion.” Lord Bearsted, LL.D., will preside. 

February 18.—J. S. Owens, M.D', Assoc.M.Inst.C.E., F.G.S., Superinten¬ 
dent ' Advisory Committee on Atmospheric Pollution, Air Ministry, 
Meteorological Office," Modern Atmospheric Conditions.” Sir Napier Shaw 
LL.D., Sc.D., F.R.S., will preside. 

February 23.— Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., ” The Power 
of Internal Combustion Engines for Motor Cars.” The Hon. Sir Charles 
A. Parsons, K.C.B., LL.D., D.Sc., F.R.S., will preside. 

March 4.— Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., 
Department of Glass Technology, University of Sheffield, ” The Modern 
Production of Sheet-Glass.” 

March n.—E mile Cammaerts, " The Restoration of Public Buildings in 
Belgium.” Viscount Burnham, C.H., LL.D., will preside. 

March 18.— Cijiude N. Friese-Greene, " Colour Cinematography.” 

March 25.— Henry G. Dowling, " Wall-papers.” 

April i.— ^William Nunn, “Siam.” 

Dates to be hereafter announced :— 

Major-General Sir William Sefton Brancker, K.C.B,, Director of 
Civil Aviation, Air Ministry, ” Conu^oercial Aviation.” 

Cedric Chivers, ” Bookbinding.” 

C. R. Peers, C.B.E., F.S.A., Chief Inspector of Ancient Monuments and 
Historic Buildings, " The Development of Ornament.” 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.),' B.Sc. 
D.P.H., F.R.C.P.E., " The Trend of Modem Hygiene.” 

David Greenhill, " Colour Printing.” 

Indian Section. 

Friday afternoons, at 4.30 o’clock:— 

February 6.—J. T. Marten, M.A., I.C.S., " The Indian Census.” Sir 
Edward Albert Gait, K.C.S.L, C.I.E., Ph.D., will preside. 

March 6.— ^Sir Henry Sharp, C.S.L, C.I.E., M.A., " The Development of 
Indian Universities.” 

May 8.— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D.', 
F.R.S., " Indian Meteorology." 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., 
C.M.Ci.," The Heart of Asia and the Roof of the World.” 

Date to be hereafter announced:— 

Sir-Alfred Chatte'rton, C.I.E., Assoc.M.Inst.C.E., "The Industries of the 
Mysore State." 
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Dominions and Colonies Section. 

Tuesday afternoons, at 4.30 o'clock, unless otherwise announced :— 

January 27.—Walter Ranald Dunlop (late Professor of Economics, 
Imperial College of Tropical Agriculture). '' Economic Research in Tropical 
Development.". Sir Halford J. Mackinder will preside. 

February 24.—R. H. Brackenbury, Member of the Empire Cotton 
Growing Corporation Mechanical Transport Sub-Committee, " Transport in 
Tropical Africa." 

June 18 (Thursday).— Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary 
of State for the Colonies, " East Africa." 

Dates to be hereafter announced:— 

Lord BlytH, " Penny Postage and Postal Communications Generally." 

Dominions and Colonies and Indian Sections. (Joint Meeting). 
Date to be hereafter announced:— 

Lord Stevenson, G.C.M.G. (Chairman, Standing Committee of British 
Empire Exhibition), " The British Empire Exhibition." Sir Charles 
Campbell McLeod, Bt. (Chairman of the Finance Committee of the 
Exhibition) will preside. 

Cantor Lectures. 

Monday evenings, at 8 o'clock:— 

V. E. PuLLiN, Director, Radiological Research Department, Woolwich, 
Radiological Research—A History." 

Lecture I.— January 19. —Natural Lhl^osophy. The fascination of speculative 
philosophy. The border line between science and philosophy. Early natural 
philosophy. Development of theory. Discovery of X-rays. Controversy as to 
their nature. Modern theory concerning X-rays. Relation to modern atomic 
th^ry. 

Lecture II.— January 26th. —Early apparatus. Early X-ray generators. 
Early vacuum tubes. X-ray tubes. Development of electrical ' generators. 
Development of X-ray tubes. The X-ray spectrometer. Measuring apparatus. 
Lines of modern radiological research. 

Lecture III.—February 2. —Early applications of X-rays. Development of 
medical uses. Modern applications. Physiological dangers. Necessity for pro¬ 
tection. 

Walter Rosekhain, B.A., B.C.E,, D.Sc., F.R.S., Superintendent of the 
Department of Metallurgy and Metallurgical Chemistry at the-National 
Physical Laboratory, “ The Inner Structure of Alloys." Three Lectures. 
February i6, 23, March 2. 

Howard Lectures. 

Monday evenings, at 8 o’clock:— 

Professor John Samuel Strafford Brame, F.LC., F.C.S., late President 
of the Institution of Petroleum Technologists," Motor Fuels.” Three Lectures. 
April 20, 27, May 4. 
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MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 


Monday, J anuary 19.. Victoria Institute, Central Buildings, Westminster, S.W. 4.30 p.m. Dr. Dorothy M. Wrinch, 
" Seismic Phenomena.” 

Automobile Engineers, Institution of (Local Centre), Royal Technical College, Glasgow. 7.30 p.m. 

Mr. C. Macbeth, ” Low Pressure Pneumatic Tyres.” 

Mechanical Engineers, Institution of (Graduates* Section), Storey’s Gate, Westminster, S.W. 7 p.m. 
Mr. A. J. 1 ). Humby, “Turbo-Blowers.” 

Electrical Engineers, Institution of (Lcxal Centre), The University, Liverpool. 7.30 p.m. Sir Oliver 
J. Lodge, “ The Nature of Elcctrfcity.” 

British Architects, Royal Institute of, 9, Conduit Street, W. 8 p.m. Dr. O. Faber, “ Applications in 
Building and Foundations of Mcxierii Engineering Construction.” 

Geographical Society, Kensington Gore, S.W. 5 p.m. Mr. C. S. Wright, ” The Origin and Movements 
of the Ross Barrier.” 

London Schex)! of Economics and Political Science, I^Ioughtoii Street, Aldwych, W.C. 5 p.m. Dr. 

^ E. B. Behrens, “ International Problems oi Industry.” (Lecture I.) 

V East India Association, Caxton Hall, Westminster, S.W. 3.30 p.m. Prof. J. W. Scott, “ Unemploy¬ 
ment- A Lead from India: the Calcutta Educational Colonics Movement and its Principle.” 

Tuesday, January 20. .Statistical Society, at the Royal Society of Arts, John Street, Adelphi, W.C. 5.15 p.m. 
Mr. R. J, Thompsfin, " An Agricultural Census.” 

Automobile Engineers, Institution of (Local Centre), The Engineers’ Club, Wolverhampton. 7.30 p.m. 

Mr. C. Macbeth, “ Low Pressure Pneumatic Tyres.” 

FUcctrical Engineers, Institution of (North Western Centre), at the Engineers' Club, Albert Square, 
Manchester. 7. p.m. Mr. H. W. Taylor, “ Three-Wire Direct-Current Distribution Networks. 
Some Comparison in Cost and Operation.” 

(Scottish Centre), 39, Elmbank Crescent, Glasgow. 7.30 p.m. Miss Kennedy, “ Electric Cooking.” 
(East Midland Sub-Centre), at the Technical College, Derby. 6.43 p.m. Mr. C. Beaver, “ Some 
Points in the Manufacture and Installation of High Voltage Cables.” 

Marino Engineers, Institute of, 85, The Minories, E. 6.30 p.m. Kng.-Licut. A. Marstlen, “ Oil Burning 
in Steam Generators and Furnaces.” 

Royal Institution, Albemarle Street, W. 5.15 p.m. Prof. A. Fowler, “ The Analysis of Spectra.” 
(Lecture II.) 

Wednesday, January 2i..Unite<l Service Institution, Whitehall, S.W. 3 p.m. Major K. B. Ferguson, “The 
Situation in the Pacific.” 

Geological Society, Burlington Hpuse, Piccadilly, W. 5.30 p.m. 

Meteorological Society, 49, Cromwell Road, S.W. 7.30 p.m. Animal General Meeting. 

Microscopical Sot'iety, 20, Hanover Square, W. 8 p.m. Annual Meeting. Presidential Address by 
Mr. A. C. Chapman, “ The Yeasts: a Chapter in Microscopical Science.” 

Design and Industries’ Association, at the London School of Economics and Political Science, Houghton 
Street, Aldwych, W.C. 5 p.m. Mr. W. H, Ansell, “ The Prinriph's of Design as Applied to 
Buildings.” 

Electrical Engineers, Institution of (Local Sub-Centre), Royal Victoria Hotel, Sheffield. 7.30 p.m. 
Mr. W. E. Bumand, “ Inventions and Patents.” 

University of London, University College, Gower Street, W.C. 6 p.m. Mr. H. Higgs, “ The Financial 
Problems of Europe." (Lecture 1 .) 

Thursday, January 22. .Royal Society, Burlington House, Piccadilly, W. 4 30 pm 
Antiq^uaries, Society of, Burlington House, Piccadilly, W. 8.30 pm 

Royal Institution, Albemarle Street, W. 5.15 p.m. Mr. J. S. Huxley, “ The Courtships of Animals 
and its Biological Bearings ” (Lecture II) 

Linneaii Society, Burlington House, Piccadilly, W. 5 p.m. The President and Mr. R. D’O. Good, 
“ The Recent Meeting in Canada of the British Association ” 

Victoria and Albert Museum, South Kensington, S.W. 6 p.m. Mr. B. Kackham, “ English Pottery ” 
Textile Institute, 38, Bloomsbury Square, W.C. 7 p.m. (Infonnal Meeting). Mr S. A. Welch, 
“ Celaiicse Yarn ” 

Aeronautical Society, 7, Albemarle Street, W. 5.30 p.ni. Major R. V. Southwell, “ Some Recent 
Work of the Aerodynamics Department, National Physical Laboratory ” 

Electrical Engineers, Institution of. Savoy Place, Victoria Embankment, W.C. 6 p.m. Mr. 11 . W. 
Clothier, “ The Design of Electrical Plant, Control Gear and Connections for Protection against 
Shock, Fire and Faults ” 

Electrical Manufacturers’ Association, 13, Savoy Street, Strand, W.C. 4.30 p.m. Mr. W. E. Bush, 
“ The Importance of Good Lighting to the Electrical Engineer.” 

' Auctidneers’ and Estate Agents’ institute, 29, Lincoln’^ Inn Fidds, W.C. 7.30 p.m. (Junior Membeis’' 

Meeting). Mr. A. L. Mann, “ Town and Suburban Property Management.” 

Friday, January 23. .Engineering Inspection, Institution of, at the Royal Society of Arts, John Street, Adelphi, 
W.C. 7.43 p.m. Mr. S. D. Siimnierfield, “ Advantages of Inspection -through the Buyer.” - 
Royal Institution, Albemarle Street, W. 9 p.m. Dr. A. W. Crosslev, “ Science and the Cotton 
Industry.” 

Engineers, Junior Institutio^jQf, 39, Victoria Street, S.W. 7.30 p.m. Mr. R. H. Parsons, “ Boiler- 
House Records and their Practical Value.” 

Aeronautical Engineers, Institution of, at the Engineers’ Club, Coventry Street, W. 6.30 p.m. Lieut. 

N. A. Olechnovitch, “ A Few Experiments with Shock-Absorbing Hulls for Flying Boats.” 
(instructive Birth Control and Racial Progress, Essex Hall,-Essex Street, W.C. 8 p.m. Prof. A. M. 
Carr-Saunders, “ The History of the Limitation of Numbers.” 

Saturoay> January 24..Royal Institutioii^ Albemarle Street, W. j p-m* Prof. G. Gordon, " Shaikespeaic and 
the Spirit of Comedy.” 

London County Council, at the Horniman Museum. Forest Hill, S.E. 3.30 p.m. ’ Mr. W. f. Perry, 
Koiigh i%f one Monuments and their Builders.” 
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All eommunieatums for the Soctety should be addressed to the Secretary, John Street, 

Adelpht, W.C. (2.) 

NOTICES. 


NEXT WEEK. 

Monday, January 26th, at 8 p.m. (Cantor Lecture.) V. E. Pullin, 
Director, Radiological Research Department, Woolwich, " Radiological 
Research —A History.” (Lecture-II) 

Tuesday, January 27TH, at 4.30 p.m. (Dominions and Colonies Section.) 
Walter Ranald Dunlop, late Professor of Economics, Imperial College of 
Tropical Agriculture. Sir Halford John Mackinder, M.A., will preside. 
Tea and coffee will be served in the Library at 3.45 p.m. 

Wednesday, January 28th, at 8 p.m. (Ordinary Meeting.) Charles A. 
Baker, M.I.E.E., Assistant Engineer, London County Council, “ The Electrical 
Equipment of the London County Hall.” Sir (Ieorge Hopwood Hume, 
M.P., will preside. 


GOUNCn,. 

A meeting of the Council was held on Monday, January 12th. Present:— 
Lord Askwith, K.C.B., K.C., D.C.L., in the Chair; Captain Sir Acton 
Blake, K.C.M.G., K.C.V.O.; Sir William Henry Davison, K.B.E., D.L., 
M.P.; Sir Robert Hadfield, Bt., D.Sc., D.Met., F.R.S.; Rear-Admiral 
James de Courcy Hamilton, M.V.O. ; Major Sir Humphrey Leggett, 
D.S.O,, R.E. ; Mr. Alan A. Campbell Swinton, F.R.S.; Dr. J. Augustus 
VoELCKER, M.A.; and Sir Frank Warner, K.B.E., with Mr. G.K.Mbnzies, 
M.A. (Secretary of the Society) and Mr. S. Digby, C.I.E. (Secretary of the 
Indian and Dominions and Colonies Sections). 

Lord Bearsted, LL.D., was appointed a Vice-President of the Society 
in place of Mr. John Slater, deceased. 

Sir Alfred Yarrow was appointed a Trustee of the Soane Museum. 
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The arrangements for the Trueman Wood Lecture on Wednesday, February 
4th, were reported. 

The particulars of the Competition of Industrial Designs, 1925, were laid 
on the Table. 

An Interim Report from the Thomas Gray Memorial Trust Committee was 
approved. [For further particulars of this Trust sec page 241J. 

A letter from the Merchants' A.ssociation of New York was considered. 
[See Note on page 245]. 

Other formal business was transacted. 


INDIAN SECTION COMMITTEE. 

The Council have appointed Sir Atul Chandra Chatterjee, K.C.I.E., I.C.S.,^ 
High Commissioner for India, a member of the Committee of the Indian 
Section. He read a paper before the Society in 1917 on “ Development of 
Banking and Thrift in India." 


TEN-VOLUME INDEX TO “JOURNAL.** 

The amalgamated Index to the Journal of the Royal Society of Arts for V^’ols. 
LXl.-LXX. (1912-1922) is now ready, and can be obtained free by Fellows of 
the Society on application to the Secretary, Royal Society of Arts, John 
Street, Adelphi, T.ondon, W.C. The price to non-Fellows is 2 s. M. 


PROCEEDINGS OF THE SOCIETY. 


CANTOR LECTURES. 

MODERN COLOUR PROBLEMS. 

By Louis C. Martin, D.Sc., A.R.C.S., D.I.C., F.R.A.S., 

Lecturer in the Department of Optical Engineering and Applied Optics, Imperial College 

of Science and Technology. 


Lecture II. — Delivered December ist, 1924. 

THE PSYCHO-PHYSICAL BASIS OF COLOUR MEASUREMENT. 

In the Cantor Lectures of 1888, Abney referred to the " measurement of 
coloura in terms of a standard; " he was referring to the determination of 
the reflecting powers, throughout the spectrum, of physical substances. Such 
measurements, as was shown in the previous lecture of the present series, 
can be carried out by physical means, and the results for any substance represent 
definite physical properties of the body which are imaltered when the illumina¬ 
tion of the body is allowed to vary. But, as we have already seen, the apparent 



Jan. gs, 1926. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


223 


hue of certain materials alters radically with changes of illumination, and, 
moreover, the apparent hue of a selectively transmitting substance, such as 
a solution of potassium dichromate, alters with the thickness through which 
light is transmitted (Dichromatism). Clearly, then, it is necessary to abandon 
Hering’s principle of the colour constancy of visual objects as a rigid principle. 
We recognise that the type of radiation illuminating the object, and the spectral 
reflecting or transmitting powers of the substance, together determine the 
energy distribution of the radiation reaching the retinal image. The mental 
sensation is called forth by the energy stimulus. Nothing is easier, however, 
than to show that the same sensation may not always follow the same stimulus. 
It is only necessary to gaze fixedly at a bright red light for a few moments 
to bring the eyes into such a condition that an (ordinarily) yellow light appears 
quite green. The psychologist who studies mental phenomena must, therefore, 
differentiate clearly between the sensation and the energy stimulus. 

In spite of the apparent complexity of these considerations (which complexity 
is greatly increased by considerations of the physiological action of the retino- 
cerebral receiving apparatus) the principle of the colour constancy of visual 
objects is sufficiently accurate under ordinary conditions to make a demand 
for some means of specifying the colour of an object in terms of a few symbols 
which cannot be misunderstood, as is easily possible in the case of the 
multitudinous arbitrary names which are found in a modem draper's catalogue. 
It requires little imagination to realise the field of usefulness for such a 
nomenclature or notation. In the future we may imagine a South American 
merchant wishing to place in Great Britain an order for a fabric of an unfamiliar 
colour of which he possesses a sample. He will have available an instrument 
which gives him the colour in some international code 62X, 4Y, 3Z (say). 
He will telegraph the order or request for trial pieces with the certainty of 
obtaining what he wants, and will not have to wait while his sample is trans¬ 
mitted by post. If such a system can be made available, its importance to 
Great. Britain, with ovu: great textile and chemical industries, is extremely 
great. This subject of colour measurement has, therefore, a very practical 
interest and is by no means confined to an academic discussion of the subject 
of colour vision, interesting as that may be. We shall examine the variation 
of colour sensations in order to investigate the possibility of evoking them 
by the application of physical stimuli which can be analysed in simple terms. 
It will be necessary for the present to regard the visual receiving apparatus 
as acting normally in all cases. 

Colour Perception. 

An introspective examination of the elements of colour perception results 
in the separation of three outstanding characteristics, which are usually 
referred to as brightness, hue, and saturation. The general ideas ctf “ bright¬ 
ness " and “ hue ” are sufficiently well known in a conversational sense, but 
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the word “ brightness ” is sometimes given a technical meaning in photometry. 

A Committee of the American Optical Society* reporting on Colorimetry 
suggested the term “ brilliance ** to denote the attribute of visual sensation 
commonly known as brightness. Definitions were given as follows :— 

(a) Brilliance is that attribute of any colour in respect of which it may 
be classed as equivalent to some member of a series of greys ranging between 
black and white. 

(h) Hue is that attribute of certain colours in rcsjxH't of which they differ 
characteristically from the grey of the same brilliance and which permits 
them to be classed as reddish, yellowish, greenish or bluish. 

(c) Saturation is dhat attribute of colours possessing a hue whicli^ 
determines their degree of difference from a grey of the same brilliance. 
Exception is taken in the report to the application of the above terms to 
denote properties of the normal corresponding stimulus; for example, it is 
considered illegitimate to refer to brilliance or saturation as a property of 
light, or to measure these things by reference to any kind of photometric 
5calc in tlui corresponding stimulus. 

Terms liki) “ distance," however, are used freely in either the psychological 
or physical sens(;, and it does not seem obvious why reservations of the above 
nature are considered to be vital. 

The introspixtive approach necc.ssarily sets up words like " white," grey " 
.and the like, but for purposes of colorimetric theory and measurement 
this is too indefinite. Adopting the physical standpoint we may recognise 
brightness" as the attribute of sensation which varies with the energy of the 
stimulating light (other things being constant). "Grey" is the quality of 
the sensation evoked by radiation in which the spectral (‘nergy distribution is 
similar to that in the sp(xtrum of a black body at 5,000"" absolute. ** Saturation ” 
is the attribute of sensation which in general diminishes when light of a colour 
•other than grey is " diluted " with grey light. " Hue " is, in general, produced 
in the sensations evoked by light for which the spectral energy distribution 
differs from that characteristic of a grey light; colour sensations are dis¬ 
tinguished by their hues in the absence of differences of brightness and 
saturation. 

Considerable discussion is taking place at the present time regarding the 
differentiation of terms applied respectively to sensation and stimulus. Since 
the underlying mental concept associated with a term like " brightness " is 
the same in (;ach case, why should not the differentiation be made with an 
appropriate adjective ? It would possible to s])cak of " sensation bright¬ 
ness " and " photometric brightness " (and so on) without any risk of confusion, 
as the use of the adjective would always be a danger signal. 

* Journal Optical Society of America, Vol. VI., No. 6, p. 527, 1922. 
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Photometric Concepts. Quantity of Light. 

Let it be considered that we deal with monochromatic light or with light 
in which the relative spectral distribution of energy is always constant. In 
these cases the quantity of light ” incident on a surface* is proiX)rtional 
tb the energy incident on the surface in unit time ; the^ photometric “ bright- 
nc^ of a surface is proportional to the amount of light falling on unit area 
of the retinal image. Thus arise ail the usual photometric means of varying 
the visual brightness of a surface. Some of them may Ixi recalled. Variation 
of the distance of the source gives a brightness inversely proportional to the 
square of the distance, provided the light remains normally incid(*nt and 
the dimensions of the source are relatively small. The apparent amount of 
light transmitted by a very rapidly rotating sector is proportional to the angular 
opening. The amount of light transmitted by two polarising prisms in series is 
proportional to the square of the cosine of the angle between their principal 
sections. 

If the discussion is to include the case of light for which the spectral dis¬ 
tribution of energy varies, then it is necessary to regard the light as anal5^d 
into monochromatic constituents, the luminosity* of each constituent being 
evaluated as proportional to the energy of some constant and standard 



Fig 8 .—The colour patch apparatus. 

N.B.—For monochromatic analysis the beam from 
should be directed towards da. 

• The term *' luminosity *’ is usually employed where relative light tjuantities or 
brightnesses are discussed. 
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radiation (white light, say) necessary to produce the same luminous sensation. 
The total luminosity may be considered to be the sum of the luminosities 
of the constituents. The basis of heterochromatic photometry is, however, 
nof entirely satisfactory at the present time, in spite of the fact that the work 
of Abney* and Ivesf legitimatises such a summation for certain conditions 
of observations. The Purkinjo effect (a variation of relative luminosity 
under variations of absolute energy intensity) and other factors enter in to 
complicate the issue under some conditions, and further study along these 
lines is required. Sufficient is known, however, to give confidence in the 
hgitimacy of the conception of “ quantity of lightfor most practical purposes. 


Monochromatic Analysis. 

Fig. 8 shows a colour patch apparatus described by Abney, who used a 
carbon arc as the source of light. 

The lens projects on the white screen dc an imago of the near surface 
of the last prism Pg. The slit S2 formed in the plate D emits monochromatic 
radiation only, and the image is consequently monochromatic, the hue 
depending on the position of Sg in the spectrum. A rotating sector can 
be placed in the beam if it is desired to vary the amount of light in the image. 
The mirror can be made to reflect a part of the undispersed beam (white 
light) also to the same image, and the brightness of this white patch can 
also be varied by the sector shown in the Fig. at 

It is clear that this apparatus offers a means of varying the colour of the 
image patch ; the screen may be assumed to possess a pc^rfectly reflecting 
and diffusing surface J. (If this is the case its brightness and colour will remain 
constant for any viewpoint; such points as this are only too easily 
overlooked, so to save any ix)ssible trouble we consider the vicw{X)int 
to be fixed.) 

Hue ” can now be varied by moving the slit in the spectrum ; brightness 
can be controlled by varying the two sector apertures equally ; the saturation 
of the colour can be varied by relative alterations of the amounts of spectral 
light and white light. By such means it is possible to match any body colour of 
which the dominant hue lies in the spectrum, i.e., all colours except those 
between red and violet, such as purple. 

In order to specify the stimulus necessary to match an unknown colour 
it is usually given in terms of 

(i) wave length of dominant hue; 

♦ Abney :—Colour Mixture'and Measurement, 1891, p. 86. 

t Phil. Mag. *4* P* 845- 

t Reflecting in accordance with the cosine law of diffuse reflection. 
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(2) relative luminosity as compared with white ; 

(3) purity of the stimulus; i.e., the fraction of pure spectral luminosity 
in the total. 

Suppose that a blue card is to be matched. It may be supported at E and 
illuminated by a second undispersed beam from as suggested in the figure. 
The slit Sg is closed and the aperture a of the sector M is then varied till the 
brightness of the .patch is equal to that of the blue card illuminated by the 
steady second beam. The blue card is then replaced by a standard white 
surface ; the sector has then to be opened to aperture p in order to re-establish 

the match, then:—relative luminosity of blue as compared with white = ? 

In order to make the apparatus ready to obtain the other results for various 
substances some calibration is necessary. By simple experimental devices 
the ratio of the luminosity of the patch illuminated by spectral light only, 
to its luminosity when illuminated by the beam from can be obtained 
for any position of the slit Sg in the spectrum From this experiment 
the “ luminosity curve,*' Fig. 9, for the spectrum can be obtained. With the 



Waue length •SOju, *55 *60 -65 >70/1 

Fig. g.—r.uminosity curves of primary sensations. 

aid of a suitably calibrated scale it is possible to read off the position of the 
slit in the spectrum and hence to know the corresponding wave length. The 
wave length is then found at which the spectral light matches the unknown 
in hue. A mixture o^ white and spectral lights is then made which matches 
the unknown in all respects. The purity of the mixture can be calculated 
from the relative sector apertures. ** Flicker Methods " offer a means of 
experimental confirmation of the results obtained by ordinary heterochro- 
matic matches, but we shall not be able to discuss these at present. 

Such is the outline of a simple method of monchromatic analysis; we see 
how the imknown colour is specified by the dominant hue, purity,’and relative 
luminosity as compared with white, of the artificially produced matching 
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stimulus. If the hue is not a spectral hue a modification of the method is 
necessary in which the complementary hue can be used. 

Ostwald puts the variation in a slightly different form when dealing with 
'Colours of reflecting substances or " b6dy colours.'’ If a pure white ” 
has an amount of i of light incident upon it, the amount reflected = i. For 
.a grey which reflects a fraction w and absorbs a fraction 5 of the incident 
light we have the equation 

w s — I 

When a surface exhibiting hue reflects a fraction x of the incident light the 
poition X may be assumed to consist of a fraction v due to the full colour 
constituent together with a fraction w due to the white constituent; (the 
larger w in comparison to the less the saturation). The above equation 
thus becomes 

V -\-iit) 4"^ = I 

Naturally if v and w are known, the value of s is also known. Hence for the 
appt^arance of a body colour the variables, according to Ostwald, are :— 
Dominant hue, content of full colour, content of white. The content of black 
might be specified in place of the white. Ostwald’s method of measurement 
of the constituents ” of the colour is, however, different from the above, 
and it is to be discussed below. 

Trichromatic Analysis. 

With the colour patch apparatus described above it is possible to make 
an instructive experiment by placing three slits of variable width in the red, 
green and violet regions of the sjx'ctruni. The three beams fall on the screen 
d a. Fig. 8, and the mixed radiation is perceived by the eye. Abney arranged 
an auxiliary apparatus so that a pure spectrum colour could be projected 
on one part of the screen and the mixture on the other part as suggested in 
Fig. 10. The experimental fact is that colours of any known hue, and grey. 


spectral 

Mixture of 

colour 

3 primary 

+ 

spectral 

white 

colours 


Fig. 10. 


#can be produced by varying the proportions of the three spectral constituents 
in the mixture, but in order to produce a perfect match, more or less white 
has sometimes to be added to the pure spectral colour on the adjacent screen. 
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Thomas Young* in a famous lecture used the following words :—It is certain 
that the perfect sensations of yellow and blue arc produced respectively by 
mixtures of red and green and of green and violet light, and there is reason 
to suspect that these sensations arc always compoundcj^ of the separate sensa¬ 
tions combined ; at least, this supposition simplifies the theory of colours ; 
it may, therefore, be adopted with advantage until it be found inconsistent 
with any of the phenomena; and we may consider white light as composed 
of a mixture of red, green and violet only.” It is not possible in the present 
discussion to follow up the history of the famous discussions of colour vision 
due to later thinkers, amongst whom may be mentioned Helmholtz, Maxwell 
and, more recently, Konig and Dicterici, and Abney, as exponents of the 
theory thus propoimded by Young. We are still unsure of the actual 
mechanism of colour vision, but the theory (and measurements based upon 
it) can be mvA with advantage in many problems of colour measurement. 

The impossibility of matching some spectral colours at full saturation 
necessitates the supposition, as Helmholtz pointed out, that the above so-called 
spectral primaries probably cause a stimulation of all three of the supposed 
physiologically primary sensations. Abney differed from this view to some 
extent, but chiefly with regard to the action of spectral red. His experi¬ 
mental analysis of the luminosity curve of the prismatic spectrum yielded the 
results shown in Fig. 9. 

The legitimacy of the summation of the photometric luminosities of 
heterochromatic stimuli was referred to above. In a similar way Fig. 9 shows 
that the luminosity of any element of the visible spectrum is to be regarded 
as the sum of the apparent photometric luminosities due to the simultaneous 
action of the primary components stimulated to varying degrees by the mono¬ 
chromatic stimulus. 

The luminosity of light of wave length X^, emerging from a slit in the spectrum 
plane in the colour patch apparatus may be written 


Where 


-Y 


dE\ . 

- I IS 

rfX/i 


-(SMS),*.- 
■ (S).‘ 


the relative energy 


is the reciprocal of the dis- 

I 

relative visibility, all at the wave 


\d\ 

persion, 8s, the slit width, and v the 
length x,, provided the slit is narrow. 

This luminosity is then composed, say, of x% of red sensation luminosity, 
y% of green, and z% of blue. The actual luminosity of the spectrum of 
the arc lamp and its composition is shown in Fig. 9 (but not in " percentage ” 
terms). The total luminosity throughout the spectrum due to one sensation 
is proportional to the area under the corresponding cur\'e, and if it is assumed 
that " equal stimulation of the three primary sensations shall produce the 


• “Lectures** Kellands Edn. 5, p. 344 - 
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sensation of white,” then, adopting the white of the arc light for our standard, 
it is necessary to multiply the ordinates of the ” green ” curve by 2.21 and 
those of the blue curve by 117 to make the areas under all three curves equal. 



Fk;. m.- Stimulation curves of primary sensations. 


Stimulation curves arc thus obtained {Fig. ii). Therefore, to calculate the 
stimulations of the three primary sensations by light from the slit mentioned 
above, we find them as 

Vj I a; = Relative stimulation of red 

sensation. 


G,= j 

Ditto 

) y X 2.21 = Relative stimulation of green 



S sensation. 

Bi= I 

Ditto 

1 z X 117 = Relative stimulation of blue 



) sensation. 

The quantity 

/dE\ /dx> 

I Vj, that is the luminosity for unit slit 


width, is often determined by direct experiment throughout the spc^ctrum. 
It gives the luminosity curve. 

In such a way it is possible to find the total stimulations from 
all three (otmore) slits. It is useful to form a table showing for each 
value of wave length the magnitude of the factors vx, 2.21 vy, 117 vz, 
as well as of x, 2 , 2 iy, and iiyz. The former factors used in turn to multiply 
the ordinates of an energy distribution curve for any stimulus will yield three 
curves, the areas under which are proportional to the stimulations of the 
primary sensations. The latter factors would be used where luminosity rather 
than energy values are knovm. In cases where another ” white,” such as 
^standard sunlight has to be used, the numerical factors 2.21 and 117 will be 
no longer valid, but the modified values can easily be calculated from a know- 
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ledge of the energy distributions and the visibility function, or from relative 
luminosity. 

The whole matter may now be dealt with in a very interesting manner 
used .both by Maxwell and Helmholtz and originating apparently out of a 
suggestion of Young, namely, the colour triangle. It is interesting to note 
that the use of graphical methods originated with Newton, who proposed 
the ase of a colour circle and described a graphical means of determining 
the results of colour mixtures. Had his experimental apparatus been of 
a more perfect description ho would undoubtedly have gone verv far in develop¬ 
ing the theory of^this subject. 



12 .—t'oloxir tiianfth* (red, fireen and bUi? srnsations) 
."howin^^- apiirnvinialc iMutions of fraunlrofer lines in 
spectrum curve. 


The colour triangle is shown in^Fig. 12. It is equilateral and the height is 
100. Taking any point O and dropping perpendiculars to each side, we know 
that the sum of the lengths of the three is equal to 100. Let us suppose that 
the stimulation causing a certain colour sensation is composed (on the above 
principles) of 50% red stimulation, 20% green and 30% blue. It is an easy 
construction to find the point O in the figure where Oh=$o, Oc=20, and Oa = 
30. In this manner we can represent “ percentage amount of red stimulation " 
by the perpendicular distance of a point from the line. The point R represents 
100^;, of red stimulation and C) % of green and blue, and so on. 

To look at the matter in a different way, we might place a mass 50 at the 
point R, 20 at G, and 30 at B. Then the point O is the centre of gravity of 
these three masses. 

The experimental results for percentage composition of luminosities through¬ 
out the spectrum enables us to calculate the stimulation values for the spectrum 
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colours, and hence to plot them in the triangle as is shown in the figure. The 
curve is concave to white, which lies obviously at the centre of the triangle. 
On the spectrum curve we may select the three points corresponding to the 
three slits of the fundamental experiment and join them by a new triangle. 
It will be clear that only the colours lying within this interior triangle can 
be realised by a mixture of the original physical primaries, and it is clear 
why some of the spectral colours cannot be matched at full saturation. 

We are now ready to make the fundamental test of the validity of this 
trichromatic analysis. 

With the aid of the colour patch apparatus with the th c slits in the spectrum 
a mixture is made to match some unknown colour, say the blue already dealt 
with by monochromatic analysis. The fundamental stimulation of the 
primary sensations can then be calculated for the matching stimulus in the 
manner indicated above. 

Let the values thus foimd be R^, G^, and The corresponding jxiint (X) 

in the triangle is the centre of gravity of proportionate masses placed at the 
respective comers R, G, and B. This is most easily found by multiplying 

each of R^, G^ and B^ by the factor when we obtain 

the perpendicular distances of the required point from the three base lines. 
The corresponding spectral hue is given by drawing a line WX through the 
centre point of the triangle (white) and the point just found. This lirie 
intersects the spectrum curve in a point corresponding to the dominant hue, 
which should agree with that found by monochromatic analysis. In order 
to complete the correspondence it remains to reduce the matching stimulus 
found by the monochromatic anal3;^is into terms of stimulations and the 
final correspondence of the two independent measurements should emerge. 

These fundamental stimulations are evidently the ultimate basis of 
reference in all cases of colour measurement. 

The most noteworthy extant data for the colour stimulations are due to 
Konig and Dietrici* and to Abney I*. Their results arc compared by E. A. 
Weaver}, who has evolved a set of data based on the results of both researches. 
Since the primaries of Abney were quite different from those of Konig and 
Dietrici, the comparison was difficult, and it is highly to be desired that 
independent determinations .should be undertaken with the improved 
apparatus and fuller knowledge of the retinal responses to light which recent 
years have provided. More especially it is desirable to know how far these 

• Zeit. f. Psychol, und Physiol, d. Sinnesorg, 4, 241, 1892. 
t Researches in Colour Vision. 

} Journal Opt. Soc. America, 6, p. 527, 1922. 



Jan. 23, 1925. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 233 


results are valid for the vision of different persons of apparently normal 
colour perception since, according to Weaver, there are indications of con¬ 
siderable differences in the “luminosity curves’' for different “normal” 
observers under similar conditions, although corresponding differences are 
not foimd to appear in the primary stimulation curves. Such investigations 
are fundamental to further progress in colonmetric research. 

Progress along these lines is being made by Ives and Priest.* Ives has 
given two useful papersj on the transformation of colour mixture t;quations, 
giving details of graphical methods such as were briefly suggested above. 
He employs the colour mixture curves of Kdnig and Dietrici, slightly modified 
by reasons depending on the consideration of the luminous values of the 
sensations. His standard “ white ” is that corresponding to a black body 
at 5,000®. Fig. 13 shows the fundamental sensation triangle giving the {K)sition 



of the spectrum with the wave lengths duly marked out; the inner curves 
show the fractional amounts {v) of the spectral colours in terms of luminosity 
to be mixed with white {!&) to form colours of all spectral hues and saturations 
where 

V w = I. 

From this figure it is thus possible to read off the purity of a stimulus corres¬ 
ponding to any point within the spectrum curve. These curves aid the 
reduction of trichromatic measurements to terms of monochromatic analysis. 

♦ Priest has developed apparatus for monochromatic analysis. Jour. Op,t. Soc. Amer., 
Vol. 8, p. 173, 1924. 

t Jour, of Franklin Inst., Dec., 1915, p. 673. Jour, of Franklin Tan., 1923, p. 23. 
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For a complete description of the method of obtaining them the original 
paper should be consulted. Ives has also had considerable success in co¬ 
ordinating colour measurements made on different systems. 

SimuLlaneousi-measurements by Trichromatic and Monochromatic Analysis 
H. E. Ives (from the Journal of Opt. Soc. of America, April, 1923). 



Trichromatic Analysis. 

Monochromatic Analysis. 

Lamps. 

X 

^0 Purity. 

X 

% Purity. 

Hefner Lamp 

■ 5«9 

87 

•591 

86 

Welsbach Mantle ... 

• 5«4 .. 

79 

.5824 

71 

Quartz Mercury Arc 
Filters . 

•494 .. 

17 

.5068 

15 

Yellow Primary 

.5901 „ 

99 

•5931.. 

100 

Green Primary 

•4985 .. 

61 

•5078 

63-2 

Blue Primary ... j 

.4780 „ I 

__ _l_ 

12 j 

.4856 

25 


It is quite clear that thc.sc; results ailord much ground for hopcj that the 
fundamental theoretical basis of the transformation me thod is sound enough 
for all practical purix)ses. 

The foregoing de.scription has affonhid a very hasty survtty of the foundations 
on which the theory of colour measurement is being constructed. It cannot 
be claimed that the structure is nearly perfected. We must now pass to 
a review of the work that has Ln^cn accomplished in the standardisation of 
colours and in the development of practical instruments for colour 
measurements. 


Standardisation of Colours. 

It is easily possible to prej)an' a s(*rit‘s of grey surfaces which have photometric 
reflection co efficients o.i, 0.2 , , . 0.8, 0.9 and i.o, taking a fairly pure 
white surface, such as that of a magnesium carbonate block, for the reference 
of reflecting power i. It is then seen that the steps of apparent brightness 
are by no means equal. The liigher memlx?rs seem to show too little contrast, 
while the lower members exhibit too much. This is in accordance with 
Fechner's law which, as applied to the present case, may be expressed 


where dS is the change in psychological sensation caused by a changed I in 
the original energy I ot the stimulus. The production of a grey series’ of 
apparent equal steps, therefore, calls for a series in which the reflection 
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coefficients follow a' geometric law. The logarithms of the reflection 
coefficients now follow an arithmetic progression. 

By the integration of steps of ** just perceptible colour change ** in the 
spectrum, or from certain other considerations, it is possible to establish a 
scale of spectral colour measurement in which equal steps correspond to equal 
changes of colour. From the point of view of appearance the scale is more 
significant than one of wave length. 

Should we make a series in which a variation between a full colour and 
black takes place (v ^ Ostwald*s notation) the content v of full colour 

must follow a geometric law in terms of luminosity in order to secure steps of 
apparent equality ; a similar proviso applies approximately to the amount of 
white in a series ranging from full colour to white. 

Colour Charts. 

Considerations such as these form the basis on which colour charts are 
built up. The ideas arc followed out in Ostwald's Farbenatlas*, in which 
spectral colours and purples at equal distances on the psychological colour 
scale are graded with various contents of black and white. 

The full atlas gives 2,500 indexed colours, while a smaller atlas (Der 
Farbkorper) gives 768 of the main steps in the larger scries. The physical 
examination of Ostwald’s colours has been begun by Kohlrausch. 

A somewhat similar atlas due to Munscll has been published in America. 
In this atlas the colours are graded through different saturations (Munsell's 
term is chroma) and brightness (Munsell’s term is value). The examination 
of the colours has been begun by the Washington Bureau of Standards. In 
this latter case the grading of the colours docs not depend on the same S3^tem 
as that used in Ostwald’s atlas. 

Such charts offer a definite, though more or less arbitrary, scheme of colour 
standardisation. The question of permanence, accuracy of reproduction, 
ease of comparing an unknown colour with one in the atlas, and, lastly, the 
expense of production, are all factors of importance. Before leaving the 
subject the charts due to Ridgway and the Societe des Chrysanthemistes should 
be mentioned. 

I have recently been greatly interested to hear that an American firm of 
drapers, the Wm. Filene’s Sons Company, of Boston, Mass., has brought out 
a small colour chart, the Colourscope, and are using it in connexion with 
their business for developing interest in colour questions. With its aid 
customers can study questions of colour harmony in dress and home decoration. 
There seem to be possibilities in connexion with the development of mail 
order business. The chart is founded on the Munsell system, and by the 
kindness of the above company I am exhibiting one this evening. 

* Ostwald's books are published by J. A. Uarth, of Leipzig. 
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Lovibond’s Standards. 

Without providing a complete set ot standards ranging with small intervals 
over the whole gamut of body colour, it is possible to take advantage of the 
facts of subtractive colour mixture in order to dispense with colour scales 
in all but three hues ; namely, those which comprise the so-called subtractive 
primaries—crimson, yellow green and blue. The standards consist for each 
hue of a set of flashed glass filters in which the densities* for any wave 
length follow an approximately arithmetic progression. Each filter is numbered 
in terms of the relative density as compared with the unit, so that, for example, 
filter jO is the equal of two filters 15 placed in series. Fillers of equal scale 
number in the three hues combine always to give a grey. With a complete 
set of filters of this kind, it is possible directly to standardise almost any colour, 
except (as in the case of additive colour mixture) a limited range of the more 
saturated colours of hues intermediate between those of the primaries. The 
required conditions for psychological equality of steps is fulfilled, and if the 
laws connecting density, wave length and scale numbers are known for the 
three hues the “ Tintometer ” indications can be reduced to terms of primary 
stimulations. Some information as to the law of density variation in actual 
filters is given in the Journal of the Oil and Colour (.'hemists’ Association, 
No. 27, Vol. IV., November, 1921. In a case of this kind accuracy of 
reproduction is the factor of first importance. The whole system is a remark¬ 
able achievement of a very original mind, and when it is said that the late 
Mr. Lovibond approached the subject as a science in itself and not at all from 
the standpoint of orthodox physical science, the merit of his work can better 
be nialised. In passing it may be noted that the accurate working of the 
system requires diffused daylight, such as from white clouds. The three filters 
of ecpial scalt' number give a subjective grey, but the actual spectral transmission 
rises greatly towards the t‘xtreme red. Consequently care must be exercised 
if it is desired to iisi* the system with any of the usual forms of artificial 
daylight lamp. If this is done the results obtained will probably not repeat 
in actual daylight. The makers of the Tintometer have developed a special 
lamp of their own, which is said to bo satisfactory under certain conditions. 

Ostwald’s Standards for Colour Measurement. 

Ostwald has dc^veloped a systemf of colour measurement which depends 
on the us(‘ of a limited number of standard colour objects, but on an entirely 
diff(Tent principle from that of the Tintometer. A psychological colour 
circle is derived in which near colours mix to give the colour midway between 
them. Complementary hues arc at opposite ends of a diameter, and Hering*s 

incident energy 

• Density=log -^- 

transmitted energy 

t Die grundlage der messenden Farbenlehre. 0.stwalcl. Darth. Leipzig, 1921. 
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psychological primary yellow, red, ultramarine and sea green are separated 
irom each other by 90°. The spacing is checked by integration of colour 
-difference threshold measurements. The corresponding body colours are 
aU realised on a series of live cardboard strips. A simple apparatus, Fig. 14, 



containing a nicol and a double image prism jKTmits images of a test colour 
and a section of one of the cards to be superposed in any required proportionate 
intensity. By comparison with a grey, the condition that the test and the 
standard are complementary colours can thus be realised; the dominant hue 
in the test colour can then be found from a table of complementary hues. 

To explain the method of obtaining the black and white contents of a test 
colour would require a full exposition of Ostwald's theory of the “ colour 
half,” for which we have not time. Roughly expressed, the principle assumes 
that th(i majority of body colour stimuli include stimuli by no means from 
a limited portion, but from a half of the colour circle. Assuming the equation 
given above v + ^ i body colours, imagine that the test surface is 

illuminated by light of the same colour as its own, and this light also illuminates 
a graduated strip of neutral grey shaded from white to black. If the black 
content of the grey strip at the point of equality is s, then the black content s 
of the test colour must be equal to s. The test colour and grey strip can then 
be illuminated by light of the complementary colour. The white content 
of the test colour is then equal to the white content of the strip at the matching 
point. Instead of using coloured light for illumination appropriate colour 
filters may be used for viewing the match ; this obviously produces the same 
effect. The viewing apparatus is shown in Fig. 15. In practice seven colour 
filters are found sufficient for use with the whole range of colour measurements 
required ; each of these acts as a “ transmitting filter” for one spectral range 
and as an “ absorbing filter ” for the opposite range in the colour circle. Since 
in the equation v-{-w-\-s=i, w and s are thus measured, the -value of v 
follows. 



23® JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Jan, tS, 1926. 



Definite Problems in Colour Measurement. 

After the foregoing review of colour theory and standardisation it will be 
well now to notice very briefly some of the industrial and scientific operations in 
which colour measurement is being developed as a convenient method of control. 
In the printing, colour, and dye industries, and in the drapery trades, the 
applications of colour measurement are manifold. Any system used must be 
applicable over the whole range of colour. One of the most interesting modem 
questions is the investigation of the fading of colours and dyes under various 
conditions. The mercury arc in cpiartz, suitably screened with filters of thin 
glass, is successfully used to imitate sunlight, and methods are being rapidly 
developed. There is in this connexion a useful field for improved method 
of detecting and measuring the amount of fading, and this clearly .should be 
done directly by colour measurement. The Tintometer has been successfully 
applied in this connexion. 

Colour measurements are of great importance in the manufacture of 
many foods and beverages, including butter, margarine, oils, preserves, beers, 
wines and the like. Chemical determinations, of considerable difficulty by 
orthodox methods, can often be greatly simplified by the use of coloiu tests. 

Colour measurements are useful in a considerable numljer of industrial 
processes, but there is often no necessity to use systems applicable 
over the whole range of colour. To take a simple example, sugar 
manufacturers, tanners and others may wish to compare samples of 
brown liquid for depth of colouration. There is no necessity to adopt 
expensive systems or instruments covering colours which are never 
encountered. Messrs. Tintometer, Ltd., have done useful work in developing 
series of standards useful in various trades. In an increasing number of 
pathological methods colour measurements are finding an increasing employ¬ 
ment, and here, again, measurements over limited ranges are usually called for. 

One interesting application of colour measurement is the determination of 
X-ray exposure by the colour change occurring in the Sabouraud-Noire or Levy 
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pastille under the action of the radiation. The Tintometer has been success¬ 
fully applied to this purpose by Dr. Dudley Corbett. Several systems have 
been developed for the measurement of colours of low saturation ; such 
measurements arc of importance in connexion with the manufacture of flour, 
cement, paper, sugar, and other “white'' products, and also in laundry work. 
Sufficient has now been said to indicate the general nature of the applications 
of colour measurement in industry. The next lecture will deal with some 
more of the instruments actually in use. 


DR. MANN JUVENILE LECTURE. 

The second and concluding Juvenile Lecture for the present Session was 
delivered by I.iki’t.-Colonkl E. II. Richardson on Wednesday afternoon, 
January 14th, the .subject being “ Dogs in Peace.'' Lord Askwith, K.C.B., 
K.C., D.C.T.., late Chairman of the Council of the Society, presided. 

Colonel Richard-son said that while the training of dogs for military purposes 
was entirely a matter for experts, there were many ways in which laymen could 
utilise the wonderful intelligence of their dogs for peaceful purposes. The fact 
that the dog j)os.sessed very acute powers of scenting and hearing made it of 
great use for all detective purposes ; while its intense desire to serve and its 
delight in any work within its capacity, was a splendid basis on which to start 
training. The devotion of the dog to its master was one of the wonders of 
creation ; there was nothing in the animal kingdom to compare with it, for in 
no ecpial degree did we receive from any other animal the whole-hearted un¬ 
selfish comradeship which the dog gave to us. This comradeship was of very 
ancient origin. The cave men kept dogs, and the (Greeks and Romans used 
large numbers of dogs to police their forts. A slide was exhibited showing a 
curious suit of armour (now in the po.ssession of the Spanish Museum at 
Madrid), worn by the dogs which accompanied the Crusaders. Another 
illustration .showed Sir Edwin Landseer's well-known painting “ Save," 
which was founded upon fact. Recently, ()2 passengers and the crew of a 
coasting steamer wrecked off Newfoundland were saved through the intelligence 
of a Newfoundland dog belonging to one of the men. It was too rough to 
put off a boat, but a light line was tied around the dog, who obeyed his master's 
signs and swam ashore with it. This made it possible to rig up a tackle by 
means of which all were brought ashore. The monks of St. Bernard recognised 
the succouring instinct in dogs when trained to «eck out lost travellers in 
the snowy passes of the Alps. In his own training work he continually appealed 
to this instinct, as once the desire to save was cultivated, it was always ready 
for use in many unexpected directions. He instanced a case where the wife and 
child of the Rev. Roffe Sylvester had been saved through the instrumentality 
of their Airedale dog," Rustler." Both would have lost their lives through an 
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escape of gas had not the dog aroused Mrs. Sylvester by scratching vdiemently 
at her arm. This dog was exhibited at the lecture. 

All good training must be based on affection and co-operation between master 
and dog. Of course, discipline must be inculc9.ted, but great patience was 
necessary, and there must be no whipping or rough treatment. Reward for 
good work done and the sound of the voicfe were the best educators. He 
thought nothing could be more interesting than to watch the intelligence of a 
collie tending a flock of sheep. Only last week they had had an instance of 
the sagacity and sense of duty conceived by one of these dogs. The shepherd 
had hcen missing for two days on the hills and was eventually found dead. But 
all the time the collie had carried on the tending of the flock entirely by itself. 
The natural guarding instinct so deeply implanted in the dog led into many 
channels of interest which could be adapted to the needs of man as a guard and 
companion. A few years ago dogs were employed for the protection of Cabinet 
Ministers in this country. One picture showed a dog guarding a famous shrine 
at an Abbey in the South of England. Pictures of the bull-mastiff “ Britain 
employed to guard important positions on the rock of Gibraltar, and of other 
guard dogs who had served with our naval forces were also shown. Many of 
the dogs at work with the police and elsewhere at the outbreak of war, were 
mobilised and sent out to the trenches as sentry dogs. 

In connexion with the work of police dogs. Colonel Richardson mentioned 
that he had made a long study of this particular branch of dog training and for 
years past had trained dogs for patrolling suburban districts in company with 
constables on night duty. The dog must be well disciplined and not liable to 
bite harmle^ pedestrians—^his duty being merely to give warning, by growling 
or barking, of any one hiding by the roadside, and to search them out in obscure 
places invisible to the policeman. At the same time a good dog would, in the 
event of the policeman being attacked, go to his rescue at once. This needed 
plenty of courage, and the dogs had to be taught various forms pi exercise to 
test their courage and reliability. They were trained to face revolver fire,, 
and to attack at the word of command, so that they would know exactly what 
to do if the policeman required their* aid. Foreign police forces used dogs a 
great deal. Bui; the conditions were somewhat different on the Continent, 
and the dogs were as a rule more savage in disposition. 

It was often said that dogs had no nationality. This, however, was a mis¬ 
take, for dogs absorbed from their master the same mentality and expressed it. 
Our own native breeds suited this country best, and he depreerted the number 
of Alsatian dpg^ which wer^being imported into the kingdom. Great claims were 
made for this class of dog, but he could state most emphatically that for 
intelligence, good temper, courage, reliability, and devotion to duty, there were 
no dogs in the world which could excel those of Great Britain, and there was no 
need to go to foreigners to help us to guard and protect our own people when 
we had so many magnificent breeds of our own. 
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Most of the pictures which had been shown were those of Airedale dogs. 
He had made a speciality of Airedales because they excelled by temperament 
and tradition for this particular class of work. There were, however, many 
other. British breeds which were excellent and could be trained to be good 
police dogs. Dogs which could track were extremely useful, and bloodhoiuids 
from time immemorial had been used for this purpose. Before the police force 
was established, villagers were ordered to keep tracking dogs, and a tax was made 
for the maintenance of such dogs, which were regarded as an absolute necessity 
in certain parts of .the country during the Middle Ages. Pictures of a fine brace 
of bloodhounds which were trained to a high pitch of perfection and did some 
very interesting work with the police, were shown ; as well as views of dogs used 
for guarding and police purposes in India and the Malay States, and for tracking 
escaped prisoners from an American penitentiary. In this country, except 
under exceptional conditions, tracking work was very difficult nowadays, as 
tarred roads and the inunense amount of traffic prevented the scent from 
lying. Still there were occasions where trackers could be usefully employed in 
country districts, provided they could be on the ground early enough. 

Colonel Richardson thought it might be interesting if he stated clearly how 
far the possibilities of bloodhound tracking could go and what the limitations 
were. Neither a bloodhound nor any other kind of dog could track through 
crowded streets. A trail might be followed early in the morning before many 
were about and shortly after the person who was wanted had passed along, but 
it must be understood that scent hardly lay at all on hard surfaces like pave¬ 
ments or tarred roads. It was essential, too, to have some clear idea as to 
where the fugitive started from. It was no use showing a hound a boot or 
article of clothing with the idea that the animal would carry the person's scent 
in its mind, and search over a very wide area. It was necessary to give some 
definite idea that a person had passed along a certain road or lane, or across a 
meadow, within recent time. It was then quite possible to set the animal 
at work, provided the atmosphere and the surface of the ground were 
favourable. 

A very fine bloodhound {” Marwood Minster"), which was undergoing in¬ 
struction in tracking work, and had taken part in bloodhound trials, was shown 
by the owner, Mrs. Edmunds; and also a dog which had been trained to carry 
parcels. 

On the motion of the Chairman (Lord Ask with), a cordial vote of thanks was 
unanimously passed to Colonel Richardson for his interesting course. 


BEQUEST TO THE SOCIETY. 

THOMAS GRAY MEMORIAL TRUST. 

The late Mr. Thomas L. Gray, who was elected a Life Member of the Society 
in 1892, and died about a year ago, appointed the Society his residuary legatee 
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for the purpose of founding a memorial to his father, Thomas Gray, C.B. 
The terms of the bequest are as follows :— 

EXTRACT FROM THE WILL OF THE LATE THOMAS LOWE GRAY. 

I direct my Trustees to stand possessed of my residuary estate Upon Trust to 
pay or transfer the same to the Royal Society of Arts of John Street Adelphi in 
the County of Middlesex the income thereof to be applied by them for the purpose 
of providing a Memorial to my late father Thomas Gray who was for many years 
Assistant Secretary to the Board of Trade (Marine Department) and the author 
of the “ Rules in Rhyme.** And 1 declare that the bequest shall be known as 
“ The Thomas Gray Memorial Trust ’* and shall have for its objects the advancement 
of the science of navigation and the scientific and educational interests of the 
British Mercantile Marine those being the objects to which my late father devoted 
his life and by way of explanation of the objects for which the said Thomas Gray 
Memorial Trust is to be held I declare that the first of such objects namely the 
advancement of the science of navigation could in my opinion be usefully promoted 
by the offer of prizes for new inventions relating to the science of navigation the 
giving of awards to any person who shall have introduced improvements of any 
importance the making of grants in aid of scientific research connected with the 
subject and the institution of lectures on the science of navigation and kindred 
subjects And that the second of such subjects namely the scientific and educational 
interests of the British Mercantile Marine could be usefully promoted by the offer 
of prizes scholarships or grants to provide educational facilities either to students 
or teachers or by the offer of prizes for essays on and awards for the saving of 
life at sea. 

It is expected that the amount available for the Trust will be about £7,000. 
The Council are preparing a scheme for the purpose of carrying out the terms 
of the bequest, and as soon as this is completed particulars will be published 
in the Journal. 

' Thomas Gray was born in 1832, and he entered the Board of Trade as a 
boy clerk in 1851. He was a very vigorous and forceful man, and he became 
the Head of the Marine Department at the age of 37. He was in charge of 
this Department during the whole of the seventies and eighties of last century, 
a peripd when our shipping was developing very fast, and when the system of 
regulation and control was gradually assuming its present form. In all this 
work Thomas Gray took a prominent part, and he was deeply interested in 
everything relating to ships and navigation. The rules of the road at sea were 
to a large extent formulated under his superintendence, and the “ Rules in 
Rhyme,** a sort of memoria technica for them, are familiar to seamen. The 
following passages are still quoted in the** Regulations relating to the Examina¬ 
tion of Masters and Mates in the Mercantile Marine,** issued by the Board of 
Trade:— 

I. Two Steam Ships meeting.' 

When both side lights you see ahead— 

Port your helm and show your Rud. 
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2. Two Steam Ships passing. 

Green .to Green —or. Red to Red— 

Perfect Safety—Go ahead ! 

3. Tivo Steam Ships crossing. 

Note. —This is the position of greatest danger : there is nothing for it but 
good look-out. caution and judgment. 

If to your starboard Red appear, 

It is your duty to keep clear; 

To act ns judgment says is proper :— 

To Port—or Starboard—Back—or. Stop her. 

But when upon your Port is seen 
A Steamer’s St^board Light of Green, 

There’s not so much for you to do. 

For Green to Port keeps clear of you. 

4. All Ships must keep a good look-out, and Steam Ships must stop and go astern, 
tj necessary. 

Both in safety and in doubt 
Always keep a good look-out; 

In danger, with no room to turn. 

Ease her, stop her, go astern. 

Thomas Gray was a Member of the Society from 1885 until his death in 
1890. For many years before his election, he had rendered useful service 
to the Society. In 1866 he read a paper on Modern Legislation in regard to 
steamships,” and he frequently attended the meetings and took part in the 
discus.sions. 


OBITUARY. 

Sir Thomas Jkwell Bennett, C.l.E.—Sir T. J. Bennett died suddenly at 
his London residence, 38, Hans Place, on January ibtli, in his seventy-third year. 
He was a staunch and zealous supporter of the Society for close upon a quarter 
of a century. Elected a Fellow in 1901, he had ever since been an active member 
of the Indian Section Committee, and from 1907, with short intervals, owing 
to absence abroad, he was a member of Council. In 1902 he read a paper on 
“ The i’ast and Present Connection of England witli the Persian Gulf,” and 
fret]ucntly spoke at meetings of the Society, particularly those relating to the 
East. His last appearance here was in June, when he proposed a vote of thanks 
to Lord Askwith on relinquishing the Chairmanship of the Council. 

Born at Wisbech, he was a son of the late Mr. T. J. Bennett .and a kinsman 
of the musical composer, Sir William Sterndale Bennett. A journalist by pro¬ 
fession, he was as a young man on the staff of an old and well-known Western journal, 
the Bath Chronicle, his next post being in the neighbouring city of Bristol, where 
he was Assistant Editor of the Western Daily Press. He afterwards came ,to 
London to be a leader writer on the Standard. In 1884 he went to India, where 
he soon made his mark as a capable and perspicacious guide of public opinion. 
He was in the first instance associated with the late Mr. Grattan Geary in the 
editorship of the Bombay Gazette, retaining that position until 1892, when upon the 
death of Henry Curwen, Bennett became editor and chief proprietor‘of the Times 
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oj India, once described by Lord Curzon of Kedlestoii as “ the leading paper in 
Asia.’* Bennett considered personal participation in the affairs of public bodies- 
incompatible with the performance of editorial duties in India, but he took part 
as a Fellow in the management of local University affairs, and in all other ways 
was useful in important movements. Upon his retirement from the active editorial 
control of his paper some 3,000 Gujerati agriculturists, whose grievances he had 
brought to the notice of Government, presented him with an address. 

An effective speaker, he was a hardworking member of the House of Commons, and 
always secured the attention of the assembly when he dealt with Indian questions. 
His &st attempt to enter Parliament, in 1910, as Conservative candidate for the 
Brigg division of Lincolnshire, proved unsuccessful, but in 1918 he was returned 
in che same interest for the Sevenoaks division of Kent, and continued to represent 
that constituency until the General Election of 1923, when he failed to keep the seat. 


NOTES ON BOOKS. 

The Seasoning and Preservation of Timber. By Ernest G. Blake. London: 

Chapman & Hall, Ltd. 9s. 6d, net. 

In view of the enormous consumption of wood at the present day, and the prospect 
of a world shortage of timber with which those interested in forestry threaten us, 
the necessity for preparing and preserving our supplies in the best possible way 
is obvious. This handbook gives an excellent account of these various methods. 

The earlier attempts at artificial seasoning met with poor results, and this 
naturally led to prejudice being formed against the idea. In recent years, however, 
a great deal of scientific work has been done in this connexion ; immense care has 
been expended ill ascertaining exactly what happens at the various stages of 
seasoning, and with the substitution of a moist and. steaming atmosphere for a dry 
heat it is now claimed that timber suffers no injury from the process. 

As the various factors of climate, rainfall, temperature, attacks of insects, etc., 
vary infinitely in different countries, it is clear that no system of preservation can 
be prescribed as the best in all circumstances. Mr. Blake describes all the best 
known antiseptic and impregnating processes, and his book should therefore be of 
use to builders, architects, engineers and all users of timber in different parts of 
the world. 

Modern Masters of Etching. By James McBey. With an Introduction by 

Malcolm C. Salaman. London : The Studio, Ltd. 55 . net. 

TJie first book of this series, dealing with the work of Frank Brangwyn, was 
reviewed in the Journal of December 19th last. The welcome given to that volume 
is now extended with equal warmth to its successor. A brief but interesting and 
competent account of McBey and his etchings by Mr. Malcolm Salaman is followed 
by twelve reproductions of the aitist’s best known vrorks. There is a quality about 
these etchings—especially those dealing with ships and water—which possesses an 
extraordinary charm, and the reproduction of them here, for softness, delicacy and 
depth of tone, leaves nothing to be desired. In particular, wc would select for 
mention the plates of “ The Pool,” which gives an admirable idea of the busy 
Port of London, “The Torpedoed Sussex,” “Ebb Tide” tnd “ Zaanstreek,” 
where the reflections of the boats are rendered with the most charming effect. 

We hope that this series will receive the appreciation which is its due, in order 
that the publishers may be encouraged to make it as long as possible. 
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GENERAL NOTES. 


The Merchants’ Association of New York. —This Association, whicJi is com¬ 
prised of the leading corporations and hrms in New York, has for one of its objects 
the placing of foreign houses wishing to buy or sell merchandise, or to make agency 
arrangements in the United States, in direct touch with prominent American firms. 
For this purpose a complete and carefully organised card index is maintained 
showing the overseas business interests of thousands of American houses. The 
Association offers to assist any Fellows of the Society anxious to make use of its 
services, without any cost whatsoever, and invites them to communicate with the 
Secretary, Merchants' Association of New'York, Woolworth Buildings, New York 
City. 

Artificial Silk.—A conference of Hangchow and Shanghai dealers was recently 
held in Shanghai to protest against the use by some Chinese manufacturers of 
fibre silk or floss." According to the Chinese Economic Bulletin it was resolved 
to inform the public by announcement in newspapers of tests for artificial silk, to 
appeal to the provincial authorities to stop the sale of artificial silk under the name 
of real silk, and to ask the silk merchants' guilds in Hangchow and Shaohing to 
co-operate in discouraging its sale. 

New Aerial Camera Invented in Australia. —According to a report by the 
United States Assistant Trade Commissioner at Melbourne, a new aerial camera, 
the invention of Mr. W. H. Hansom, of Victoria, has recently been completed at 
the engineering works of the Shaw-Ross Aviation Co. at Port Melbourne. The 
inventor claims that he has taken oblique photographs when flying at 126 miles an 
hour. The camera is very rapidly operated and on one occasion took 12 photo¬ 
graphs in three minutes when flying. The most original feature is the focussing— 
for the focus can be instantly changed in the air between the limits of 25ft. and 
10,000 ft. 


MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 


Monday, January 26. .Geographical Society, 135, New Bund Street, W. 8.30 p.m. Brig.-Gcn. the Hon. C. G. 
Bruce and Major Nortliey, “ Nepal.” 

Public Health, Roval Institute of, 37, Russell Square, W.C. 4.30 p.m. Prof. E. L. Collis, ” Phthisis 
and Industrialism (National and Occupational) with reference to other Infectious DLseases.” 
(Lecture I.) 

Architectural Association, 34, Bedford Square, W.C. 8 p.m. Miss Margaret Jourdain, ” The Architect 
as Designer of Furniture.*’ 

Victoria League, 22, Eccleston Square, S.W. 5 p.m. Sir Francis Younghusband, " India.” 

Electrical Engineers, Institution of, Savoy Place, Victoria Embankment, W.C. 7 p.m. (Informal 
Meeting^ Mr. S. W. Mdsom, ** The National Physical Laboratory and its Work.” 

(North Eastern Centre.) Armstrong CoU^c, Newcastle-on-Tyne. 7.15 p.m. Mr. L. H. A. Carr, 
“ The Use of Induction R^nilators in Feeder Circuits.” 

London School of Economics and Political Science, Houghton Street, Aldwych, W.C'. 5 p.m. Dr. 

E. B. Behrens, '* Constitution of International Labour Urganistaion.” 

University of London, University College, Gower Street, W.C. 3 p.m.^ Prof. G. E. Smith, ” The 
Anatomy and Phvsiologv of the Symoathetic Innervation of the Striated Musc'le.” (Lecture ID 
4.13 p.m. Prof. L. M. Brandin, ” Berthe au grand pied.” (In French.) 

At King’s College, Strand, W.C. 5 p.m. Dr. J. A. Hewett, ” Carbohydrate Metabolism.” (Lecture 

5.30 p.m. Rev. C. F. Rogers, ” Ecclesiastical Music.” (Lecture I.) 

3.30 p.m. Mr. C. J. Gadd, ” Some Results of the Excav^itions at Ur.” 

Actuaries, Institute of, Stanle Inn Hall, Holbom, W.C. 5 p.ui. Mr. C. R. V. Coufts, ” Notes on Life 
Assurance Investment Policy.” 


Tuesday, January 27. .Illuminating Engineering Society, at the Royal Socif.ty of Arts, John Street, Adelphi, 
W.C. 8 p.m. Mr. J. W. T. Walsh, ” The Effect of Internal Obstructions on the Performance, 
of a Lighting System.” 

Colonial Institute, Hotel Victoria, Northumberland Avenue, W.C. 4 p.m. Mr. R.*A. White, ” Ireland 
as a Food Supplier to Great Britain.” 
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Royal Institution, Albemarle Street, W. 5.15 p.m. Dr. H. R*. Hall, “ The Connections and Relations 
of the Prehistoric Greek and Ancient Egyptian Civilisations." (Lecture 1 .) 

Anthropological Institute, so. Great Russell Street, W.C. 8.15 p.m. (Anniversary Meeting.) 

Civil Engineers, Institution of. Great Ge<»^e Street, S.W. A p.m. (i) Dr. £. H. Salmon, “The 
Southampton Floating Dock." (2) Mr. F. E. Weiitworth-SheJlds, " Southampton Floating Dock : 
Subsidiaiy Works." 

Electrical Engiueers, Institution of (North Midland Centre), The University, Leeds. 7 p.m. (Faraday 
Lecture.) Prof. G. W. O. Howe, " World-wide Radio Telegraphy." 

Public Health, Royal Institute of, 37, Russel! Square, W.C. 4.30 p.m. I’rof. £. L. Collis, " Phthisis 
and Industrialism (National and Occupational), with reference to other Infectious Diseases." 
(Lecture 11 .) 

University of London, University College, Gower Street, W.C. 3.30 p.m. Prof. G. E. Smith, " The. 
Evolution of Man." • 

At King’s College, Strand, W.C. 5.30 p.m. Rev. W. R. Matthews, " The Philosophy of Religion." 
At the School of Slavonic Studies, Malet Street, W.C. ^..p) p.m. Sir Bernard Pares, " Con¬ 
temporary Russia from 1861." (Lecture II.) 

Roman Studies, S<M*i»*ty for the l^roinotion'of, at the So<'iety of Antitpiaries, Burlington House, Piccadilly. 
W. T. 4.^0 p.m. Prof. S. Jones, " 'ilio Apostles in Rome and the Relations of Christianity with 
the Imperial Goveniment.” 

Wednesday, Janitary 28. .British Academy, at the Royal Society, Burlington House, Piccadilly, W. 5 p.m. Sir 
John Morris-Jones, “Sir John Rhys." 

Design and Industries Association, at the London School of Kconoiuirs and PfditicalScience,Houghton 
Street, Aldwych, W.C. .3 p.m. " The Principles of Design applied to 'rextiles." 

Microscopical Society, 20, Hanover Square, W. 7.30 p.m. (Industrial Applications of the Microscope 
Section.) The Use of the Microscope in the Dairying Industry, (i) Prof. R, S. Williams, 
Introductorv Address. (2) Mr. N. Wright, ** The Stiiictureof the Udder, Normal and Abnormal." 
(3) Mr. A. T. R. Mattick, " The Differentiation of the various Cells found in Milk.” (4) Mr. L. J. 
Meanwell, " The Application of the Microst'ore to the Detection of Tuberculous Infection." 
(5) Mr. John Golding, " Fat Globules." (6) Miss E. R. Hisi'ox, "The Separation and Identih- 
('ation of Micro-Organisms causing Faults In Milk Pnxiuets.** 

Electrical Engineers, Institution of (South Midland Centre), at the Midland Institute, Birmingham. 

7 p.m. Prof. G. W. O. Howe (Faraday Lecture), " World-Wide Radio Telegraphy." 

Public Health, Royal Institute of, 37, Russell Square, W.C. 4.^0 p.m. Prof. E. L. Collis, "Phthisis 
and Industrialism (National and Oc-cupational), with reference to other Infectious Diseases." 
(Lei’ture III.) 

University of London, University College, Gower Street, W.C. 5.30 p.m. Mr. J. H. Helweg, " English 
Influence on Danish Literature in the XIXth Ontuiy." (Lecture II.) 

6 p.m. Mr. H. Higgs, " Financial Problems of Europe." (Lecture II. - ■" Fram-e.") 

At King’s College, .Strand, W’X'. 5.30 p.m. Rev. C. Jenkins, " The Age of Christian Pilgrimages, 

A.D. 300-8').).’’ 

At St. Bartholomew's Hospital Medical College, 6, Giltspur Street, FLC. 3 p.m. Prof. C. L. Evans 
"The Phvsiologv of Plain Mns<le.’’ (I.ecture 111 .) 

Liteiature, Koval Society of, ?, BhMniisbury Square W.C. 3 p.m. Mr. John Buchan, " The Old and 
the New in LiPTature." 


Tiiuksdav, January 2j.,Ro»'al So-ieiy, Burlin ton House, Pc adillv, W. 4.to p.m. 

Antiquaries, Society of, Burlin gton House, Picc^illy, W. 8.30 p.m. 

Victoria and Albert Museum, South Kensinj^toti, S.W. 6 p.m. Mr. A. J. Koop, " Chinese Bronzes." 
Royal Institution, Albemarle Street, W. 3.13 p.m. Sir William Braug, " The Properties and Structure 
of Quart?!.’’ (Lecture I.) 

University of London, University College, Gower Street, \\X\ 3 p.m. Dr. A. S. Parkes, " The 
Physiology of Re.iroduction." (Lecture II.) 

3.15 p.m. Prof. J. F'. G. Montmorency, "African (uslomary Law, with special reference to 
Earlv Egyptian Law.’’ (Lw'ture II.) 

At King’s College, Strand, W.C. 3 p.m. Dr. A. W. Pollarrl, " The Supply of Hooks to English 
■ Readers from the time of Caxton to the Outbreak of the Civil War, 1475-1^42.” (Lecture III.) 
fi.30 p.m. Dr. O. Voi'adlo, " Czech Civilisation." (Lecture HI.) 

At the Institute of Historical Research, Malct Street, W.(’. 5.30 p.m. Prince 1 ). S. Mirsky, 
" Russian Literature in the Second Half of the Nineteenth Century." (Lieture 11 .) 

At the London School of Economics and Political Scicni'e, Houghton Street, W.C. 3 p.m. Dr. 
H. Hall, " The Record of Famine in Mediaeval England." 

We’ding Engineers. Institution of, Caxtou Hall, Westminster, S.W. 8 p.m. Sir W. Peter Rylands, 
"The Philosophy of Welding." 


Friday, January 30.^Midwives Institute, at the Roval Society oi- Arts, John Street, Adelphi, W.C. 6.30 p.m. 
Annual General Meeting. 

Royal Institution, Albemarle. Street, VV. g p.m. Prof. J. W. Gregory, "The Mountain Structure 
and GeograDhtcal Relations of South-Eastern Asia.” 

Engineers, Junior Institution of, 30. Victoria Street, S.W. 7.30 p.m. Mr. E. Ambrose, " Notes on 
High Voltage Electrical Transmission." 

Mechanical Engineers, Institution of, Storey’s Gate, Westminster, S.W. 7 p.m. Discussion on 
" Alternatives to the ‘ Clash ’ Tvuc of Change-Speed Gear for Motor Vehicles." 

(Yorkshire Centre), at the Brown Firth Research Laboratories, Princess Street, Sheffield. 7.30 p.m. 
Prof. F. C. Lea, " The Effect of Keoetitmn Stresses on Steels ’’ 

University of London, King's College, Strand, W.C. 3.30 p.m. Dr. O. Vocadlo, " The Czechoslovak 
Languagi;. * T*<*ture II.) 


Saturday, January 31. .Ro\a 1 Institution, Albemarle Street, W. 3 p.m. Dr. E. H. Fellowes, " The Elizabethan 
Madrigal" 

London Countv Council, at the Hornfman Museum, Forest Hill. S.F. 3.30 p.m. Mis* M. A. Murray, 
" The Empire of Eaypt.” 
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AdetfAi. W.C. (*.) 

NOTICES. 

NEXT WEEK. 

Monday, Fedkuahy 2nd, at 8 p.m. >(Cantor Lecture). V. E. Pullin\ 
Director, Radiological Research Department, Woolwich, ** Radiological 
Research—A History.*' (Lecture III). 

Wednesday, February 4th, at 8 p.m. (Ordinary Meeting). Sir Ernest 
Rutherford, O.M., M,A., D.Sc., F.R.S.,'^ The Stability of Atoms.'’ (Trueman 
Wood Lecture). Senatore Guglielmo Marconi, G.C.V.O., LL.D., D.Sc. 
Chairman of Council, will preside. Tea and coffee will be served in tlie 
Library after the meeting. 

Friday, February 6th, at 4.30 p.m. (Indian Section). J. T. Marten, 
M.A., IX.S., “Population Problems from the Indian Census." Sir Edward 
A. Gait, K.C.S.I,, C.I.E., Ph.D„ will preside. Tea and coffee will be served 
in the Library at 3.45 p,m. 


SEVENTH ORDINARY MEETING. 

Wednesday, 21st January, 1925. Sir Herbert Jackson, K.B.E., 
F.R.S., in the Chair. 

The following Candidates were proposed for election as Fellows of the 
Society:— 

Artis, Cecil Randolph, Norwich^ 

Atkinson, Llewelyn B., M.LE.E., London. 

Cunnew, George Arthur, London. 

Day, Wilfred Ernest Lytton, London. 

Fazl, Dr. Sheikh Abul, Ph.D., LL.D., Kapurthala, India. 

Forbes, G. A,, Kingston, Jamaica, British West Indies. 

Herbert, Desmond A., Brisbane, Australia, 

Jones, Owen, Melbourne, Australia, 

Lawton, Charles Henry, Warminster, Wilts. 
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Marshall, F. K., Bombay, India. 

Napp, Hermann Richard, London. 

Powell, Charles Henry, London. 

Sen. Lalit Mohan, London. 

Stokes, Henry Gordon, Harrow. 

Thomas, Major (Jeorge Frederick, M.C., Tunbridge Wells. 

Williamson, William James, J^ondon. 

The following Candidates were duly elected Fellows of the Society :— 

Field, Major George Kenelm, London. 

Mullowney, John James, M.D., Nashville, Tennessee, U.S.A. 

Shuttleworth, Alfred, Bury, I^cs. 

A paper on "Irish Glass, Old and New," was read by Mrs. Graydon-Stannus- 
The paper and discussion will be published in a subsequent number of the 
Journal, 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on " Recent Progress in the Wool Industries," by 
Aldred F. Barker, M.Sc., Professor of Textile Industries, University of Leeds, 
have been reprinted from the Journal, and the pamphlet (price 15.) can be 
obtained from the Secretary, Royal Society of Arts, John Street, Adelphi, W.C.2- 

A full list of the lectures which have been published separately and are still 
on sale can also be obtained on application. 


TEN-VOLUME INDEX TO ••JOURNAL.*' 

The amalgamated Index to the Journal of the Royal Society of Arts for Vols. 
LXI.-LXX. (1912-1922) is now ready, and can be obtained free by Fellows of 
the Society on application to the Secretary, Royal Society of Arts, John 
Street, Adelphi, London, W.C. The price to non-Fellows is zs, 6 d. 


BINDING COVERS FOR JOURNALS. 

For the convenience of Fellows wishing to bind their annual volumes ol 
the Journal, cloth covers can be supplied, post free, for 2s. each, on application 
to the Secretary. 


LIST OF FELLOWS. 

The new edition of the List of Fellows of the Society is now ready, and 
copies can be obtained on application to the Secretary, 



Jan. 50, 1900. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


249 


PROCEEDINGS OF THE SOCIETY. 

CANTOR LECTURES. 

MODERN COLOUR PROBLEMS. 

By Louis C. Martin, D.Sc., A.R.C.S., D.I.C., F.R.A.S., 

Lecturer in the Department of Optical Engineering and Applied Optics, Imperial College 

of Science and Technology. 

Lecture III .—Delivered December %th, 1924. 

The vSukface Colours of Material Objects. 

The colours of such material objects as are not self luminous arise through 
their action upon the light energy falling upon them. It may be asked, “ What 
is meant by the 'colour ’ of such an object as a piece of polished mahogany ? ” 
An eye suitably placed may perceive such an object with a characteristic 
reddish hue, but in another position the red stimulus may be drowned in 
a flood of white light reflected from the polished surface. In such a case 
the colour varies with the direction of view. 

In this case it is easy to distinguish between the sjxjcular (mirror-like) 
reflection of the outer surface, and the diffuse reflection of the inner layers. 
There are, however, many objects, such as paper, in which the transition 
between reflection of the two types is much more gradual. 

The laws of specular reflection are well known, both qualitatively and 
quantitatively. The partial polarisation which arises in oblique specular 
reflection at non-metallic surfaces must be borne in mind. It may be of 
importance in cases of the use of instruments depending on polarisation methods. 
The phenomena of diffuse reflection are not so well known. Matt white 
diffusing surfaces are said to be perfectly diffusing if an element of area radiates 
or reflects light with an apparent candle power proportional to the cosine 
of the angle made, by the direction of radiation, with the normal to the surface. 
In a reflecting surface which is perfectly diffusing the distribution of reflected 


Y 



Fig. 16.—Polar curve of perfectly diffuse reflection, 
light ought to be entirely independent of the direction of illumination. Very 
few surfaces reach this ideal performance, though such cases as magnesium 
oxide (coated on a flat plate by holding it in the smoke of burning magnesium 
ribbon) offer a close approximation. An easily proved corollary to the law 
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shows that the ideal surface will appear of the same brightness, no matter 
what the direction of view. Fig. i6 shows a polar curve of reflection in which 
the vector OA represents the amount of light emitted or reflected per unit 
of solid angle (the candle power) at an angle a with the normal. In accordance 
with the above law the locus of A is a circle* Fig. 17 shows a family of polar 



Fig. 17 . —Family of polar curves (Bristol-boardl. 


curves of reflection obtained by Mr. A. P. Trotter* from actual experiments 
on Bristol-board. The angle s is the angle with the normal made by the 
illuminating beam, and the nature of the reflection is thus easily seen to be 
intermediate between the specular and diffuse types. With coloured cards and 
similar things it happens not infrequently that, just as in the case of the 
mahogany, the specular portion of the reflection arises largely at the outermost 
layers, while the selective diffuse reflection occurs at inner layers of the material. 
Hence not only the reflection, but also the saturation of the colour may vary 
if the view point is. altered with regard to the direction of illumination. 

With regard to the apparent relative luminosity of a material surface as 
compared with that of a perfectly reflecting and diffusing surface under the 
same conditions of illumination, the ratio between the two may differ con¬ 
siderably from the “ reflection coefficient" the ratio of the total amount 
of reflected light to the total amount of incident light) unless precautions 
are taken to illuminate the surface in a special way. For colorimetric measure¬ 
ments, therefore, it may not be advisable to specify the “reflection coefficient “ 
as a measure of “relative luminosity." 

* In considerations of this kind there are clearly apparent limits to the application 
of colorimetry to surfaces. It is necessary to stipulate that surfaces shall 
be measured and viewed under standard conditions of illumination and viewing, 
while something must be understood as to the nature of the surface. Con¬ 
siderations of this kind have little or no bearing on the theoretical problem 
of the measurement of the colour stimulus, but they have the greatest im- 

* lUumlpating Engineer, Vol. XII., p. 239. 19x9. 
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portance with regard to the practical application of colorimetry. I venture 
to suggest that they are deserving of careful attention. 

A. H. Taylor, in a recent valuable paper* on the measurement of diffuse 
reflecting factors, cites a number of methods due to Nutting, Little, Rosa, 
and Luckiesh for the illumination of a test surface when its reflecting power 
is required. He also describes original methods for the absolute measurement 
of reflection factors. For spectro-photometric measurementsf on the Munsell 
coloured cards the Bureau of Standards has used a white lined box with electric 
lamps so placed that either the test sample or a standard magnesium carbonate 
block coiild be illuminated by light of equal intensity from all directions. 

To secure a similar condition PriestJ has employed a hollow sphere with 
a matt white interior. An arrangement similar to that of Priest is illustrated 
in Fig. 18, which is self explanatory. A discussion of the properties of such 



Fig. 18.—Use of photometric sphere for illumination of test surface. 

a sphere is given in modem text books on photometry, A small opaque 
screen S prevents direct light from the lamp from reaching the test surface. 
Under these conditions the illumination of the test surface is sensibly uniform 
from all directions. 

f 

A Suggested Standard Method of Illumination. 

For ccJlorimetriq purposes it should be the aim to imitate the condition 
of illumination under which the object is ordinarily viewed. If the surface 
has any specular reflection the eye will instinctively avoid the specularly 
reflected light. It might be as well, therefore, to adopt the most simple of 
conditions as the standard of illumination. The illumination for colorimetry 
might be given by parallel light incident at 45® to the normal, while the direction 
of view is normal to the surface. This condition would not require elaborate 
apparatus for its realisation and would be more in harmony with the aim of 

• Scientific Paper. Bureau of Standards, No. 391. 1920. 

t Technological Papers. Bureau of Standards No. 167. 
t Journal Opt. Soc. America. Vol. 8 , p. 133. 1924. 
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colorimetry than the use of arrangements suitable for determining the general 
reflection coefficient of the surface. The condition would lend itself to the 
use of convenient conical reflectors such as shown in Fig. 19 for the illumination 


View of teat surface 
under suggested 
standard Illumination 


Fig. 19.—Conical illuminating fitting using partially diffusing reflecting surfaces. 

of test surfaces by sunlight or by roughly collimated light from a suitable lamp. 
The reflector might be of glass finely ground on the front face and silvered 
at the back, thus giving the necessary slight diffusion. 

The results of a measurement with this illumination might be called colori- 
metrio brightness, colorimetric saturation, and colorimetric hue, by analogy 
with the corresponding psychological terms. 

Quality of the Light for Illumination. 

The most desirable standard is probably Ives' standard sunlight as 
described in the first lecture. It is preferable to produce it by rotary dispersion 
or spectrum template methods. 

Apparatus for General Colorimetry. 

The apparatus for colorimetric measurements which has been designed 
up to the present time may be grouped as follows :— 

1. Apparatus for monochromatic analysis. 

2. Apparatus for trichromatic analysis (additive colour mixture). 

3. Apparatus for matching by subtractive colour mixture. 

4. Apparatus for sundry other methods, including polarisation colori¬ 
meters. 

In the first group the apparatus has been designed and used by Abney, 
Nutting, Priest and others. The use of Abney's colour patch apparatus has 
already been sketched; Priest's apparatus* for monochromatic analysis is like¬ 
wise not reduced to the form of a compact instrument. Messrs. Adam Hilger, 
Ltd., have produced an instrument on lines suggested by Nutting, a diagram 
of which is given in Fig. 20. The surface giving the colour to be matched 
is placed at and its colour appears in the outer part of the field given by 
the Lummer Brodhun comparison prism B. The central portion of the field 

• J.O.S.A., Vol. 8 , p. 133. 







Jan. 30, 1930. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS 253 



U N 



E 

Fig. 20.—The Hilger Nutting Colorimeter. 

is illuminated by monochromatic light (produced by the spectroscopic optical 
system, t.e., the slit S, the collimator lens O^, the prism P, and the telescope 
object glass OJ, with which is mixed white light from the reflector R. The 
relative intensities of the three beams are controlled by pairs of polarising 
prisms Aj, Ag, Ag. M is a rotating sector in which the opaque portions are 
glass mirrors, and the'* transparent"' portions are of clear glass. The reflecting 
powers (reflection coefficients) of the mirror and clear glass portions are rg and 
fj respectively. These can be measured. 

Measurements are made as follows: —The sector is turned till one of the 
clear glass portions is in the field, and the white light from Cg is then increased 
to its maximum by rotation of the polarising prism Ag. The prism P is turned 
by the drum D until the hue in the central portion of the field matches that 
of the outer i)ortion. The relative intensities of spectral colour and white 
are then adjusted so that a match in saturation is also obtained, the brightness 
of the outer field being adjusted to equality by Ag. The drum D will indicate 
the wave length of the dominant hue. 

Let be the portion of the brightness of the central field contributed by 

the spectral light, and let Lri be the portion contributed by the white light. 
If be the brightness of the outer field, then 

Lf = Lr^ 4" h (i) 

In order to obtain the purity of the stimulus the sector is rotated at about 
100 revs, per minute and used as a flicker photometer to equalise the brightness 
of the white beam with that of the spectral beam, the latter being suitably 
adjusted by the prism Aj, and the collimator being closed. Hence the 
relative luminosity of the white and spectral beams can be determined. 

The luminosity of the sample as compared with that of a standard white 
surface (such as magnesium carbonate block) placed in a similar position 
can be found by successive matches of colour and standard white against 
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the controlled brightness in the centre portion of the field, the collimator 
Cl being closed. 

Apparatus for Matching by Additive Trichromatic Mixture.* 

In the last lecture I described the use of the colour patch apparatus for the 
synthesis of colour stimuli by the mixture of three monochromatic spectral 
primaries. Clerk-Maxweirs famous'‘colour box could be used for a similar 
purpose. It is not essential for the production of a varied range of hues that 
a primary shall consist of radiations of a very narrow range of wave lengths; 
the approximately monochromatic lights transmitted by, say, red, green, 
and blue-violet filters can also be mixed in varying proportions to produce 
stimuli giving a wide range of colours, excluding as before the colours of 
highest saturation with hues intermediate between those of the colour filters. 
Satisfactory mixture is difficult without the use of rotating optical parts, 
although diffusion methods can be employed as in Bawtree’s instrument 
as made by Messrs. Baird and Tatlock, Ltd. The colorimeter invented by 
F. E. Ives in 1907 employs a rotating wheel of lenses. 

For any individual instrument the relative proportions of the primaries 
in the mixture furnish an arbitrary scale of colour. In order to reduce the 
indications to the notation of monochromatic analysis a spcctro-photometric 
examination of each colour filter may be made, from the results 
of which, as previously explained, the proportionate stimulations of the three 
theoretical primary sensations can be calculated for unit quantity of light 
from each filter, provided a source of known energy distribution is used. From 
these results the stimulations of the primary sensations are immediately 
derived from any set of readings taken on the instrument. Data of this kind 
have been supplied for the Ives colorimeter, and H. E. Ives has employed the 
method with success for the investigation of the colour quality of light from 
illuminants. 

One point, which is sometimes lost sight of, is the fact that it is by no means 
necessary that the primary filters should be of any particular quality. It is 
better that they shall just cover the total range of colour required. For the 
analysis of illuminants, for example, filters of low saturation should be employed. 

The colorimeter of H. E. Ives (reference in footnote) is an example of the use 
of filters of low saturation in the colour analysis of the light from illuminants. 
It is illustrated diagrammatically in Fig. 21. S is the source of light, a tungsten 
lamp with close filaments. The lenses and Lj project an image of the 
source on the diffusing translucent screen G. The screen C between the 
lenses has apertures screened by red, green, and blue filters (or other colours 

• For descriptions of instruments see the following publications:—F. E. Ives. Jour. 
Franklin Inst. 164, July, 1907. flawtree. Journal of Oil and Colour Chemists, November, 
1^21. Houston, Proc. Roy. Soc. Ed., Vol. XLll.. Part i. p. 75, 1922. H. E. Ives, Journal 
Opt. Soc. Amer., Vol. 7, p. 243. Guild, Handbook to Exhibition of Scientific Apparatus 
at WembleyEsfhibition, 1924, p. 185. Allen, Journal Opt. Soc. Amer., Vol. 8, p. 339,1924. 
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Fig. 21.—Colorimeter of H. E. Ives. 

suitable for the special purpose). The hexagonal box, of which G forms one 
face, is coated matt white on the other interior faces, so that becomes 
illuminated by diffused light in which the ratios of red, green, and blue depend 
on the corresponding relative apertures in the screen C. The prism P, in 
which the interior reflecting face R is silvered in horizontal strips, permits 
of the comparison of the apparent colours of faces Fj and Fj. For the colour 
analysis of illuminants, F2 will be given a non-selectively reflecting surface 
and illuminated by the special source; but any coloured surface of low 
saturation could be placed at F2 and illuminated by standard white light 
for purposes of colour analysis. 

• 

Apparatus for Colour Matching by Subtractive Tri-Chromatic 
Mixture. 

The Tintometer system of colour matching has already been described, and 
this system has probably been the most widely used of all. It will be 
remembered that equal steps in each primary scale correspond to equal steps 
of density. A short consideration shows that equal steps along a homogenous 
wedge of absorbing material will give such equal steps of density. Wedges 
of this kind have been constructed from dyed gelatine for photometric purposes 
by Sanger Shepherd, and Goldberg’s wedge is widely used for photographic 
sensitometry. I am told that Mr. Lovibond, the inventor of the Tintometer 
system, carried out some of his early experiments with dyed wedges. The 
dyes he used proved unstable and he abandoned their use for separate Alters 
of flashed glass. 

Comparatively recently *L. A. Jones has brought out a colorimeter operating 
on the subtractive principle, which is now manufactured by Messrs. Kodak, 
Ltd. A diagram is given in Fig. 22. C is the Lummer Brodhun comparison 



Fig. 22.—Eastman Colorimeter. 


♦ Journal Optical Soc. America, Vol. IV., p. 420, 1920. 
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prism, and light from a standard lamp S is made to pass through dyed gelatine 
wedges, neutral, minus red, minus green, and minus blue, by which almost 
any desired colour may be produced through relative variation of the positions 
of the wedges, each of which is furnished with a scale. This filtered light 
illuminates one part of the field. The filter F is one capable of reducing the 
light from the lamp S to the visual quality of noon sunlight. The other portion 
of the matching field is illuminated by an image of the test object projected 
by the lenses L^, Lg. One of the most praiseworthy features of the apparatus 
is that due attention has been paid to the provision of fittings for illuminating 
the lest objects by means of colour corrected lamps. In the case of opaque 
materials the illumination is at 45® to the normal to the surface, while the 
view is normal; this is the condition which I have suggested above as a 
standard for colorimetry. A diagram of this illuminating fitting is given 
in Fig. 23. It can be fitted to the front of the instrument. l)r> r tention 



has been given to the colour stability of the wedges, which are said to be 
satisfactory in this respect, and, moreover, are not exposed to light containing 
any noticeable intensity of ultra-violet radiation—the predominant agent 
in fading. 

Other Colorimeters. 

Time will not permit of the full description of the colorimeter of Arons 
(the Kromskop),* which employs the colours produced by plates of quartz 
when viewed between polarising prisms, for matching the test colours. There 
can be no doubt that this method, like those others which do not rest on the 
use of arbitrarily coloured objects, has certain clearly marked advantages 
which may compensate for the unavoidable complication of the reduction 
of its indications to terms of monochromatic analysis. 

Possible Accuracy of Colorimetric Measurements. 

Careful measurements on the difference limen of spectral colour contrast 
show that the difference of wave length necessary to cause a perceptible colour 

♦Ann. d. Pkys. 33, p. 799, 1910. Ann, d. Phys. 39, p. 545, 1912. 
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change varies between .ooiSix to .00411 in the various pafts of the spectrum 
between .44(1 and .65ix. In the extreme violet and red the values of the limen 
rapidly increase. Abney and others have maintained that truly mono¬ 
chromatic regions exist at each end of the visible spectrum. This difference 
limen for dominant hue perception" naturally increases greatly with 
decreasing saturation, but I am not aware of any adequate experimental 
work bearing on the subject. 

The least perceptible steps in the de-saturation of a pure hue have been 
investigated by several experimenters. The noticeable change SW in the 
amount of white in a stimulus consisting of W white and V hue luminosities,, 
where W V = 1, 

varies from SW= .05 when V is nearly i, to SW = .02 when W is nearly i. 

Experiments on the difference limen for brightness ” have shown that 
the just perceptible variation of brightness is of the order of 1.6% to 2% 
under best conditions, but this increases when the absolute brightness of the 
matching field becomes too low or too high. 

Figures of the kind thus quoted are valid for colour matches in closely 
touching matching fields subtending angles of 2° to 3°, at least, to the eye. 
Differences of colour perception are most easy under these conditions, provided 
the illumination is adequate, and measurements thus made are likely to register 
smaller differences than can be perceived in ordinary “ colour matching ” 
with fabrics, pigments, and the like, without instrumental aid. The provision 
of a proper matching field in the instrument should be insisted upon, or failure 
is easily possible. It will take all the attention and skill to obtain correct 
and adequate colour matches. 


Colorimeters of Limited Range. 


There are a number of methods in chemistry which involve colour com¬ 
parisons, but usually the range of colour involved is only of the type encountered 
when the thickness of an absorbing material is increased or the concentration 
of a solution is varied. The law of diminution of the intensity of "parallel " 
monochromatic radiation caused by passage through a thickne.ss t of homo¬ 
genous absorbing material may be written :— 


Hence:—Density=^gg a/= absorption coefficient X thickness. 


If it is necessary to allow for reflection effects at the boundaries then a factor 
(i—has to be introduced, where /? is the reflection coefficient; then 

and the density is increased by 2 log The law holds for homogenous 

light, but « (and also;} though to a much smaller extent) vary m general with 
the wave length. Shotild the concentration of a solution be increased, then 
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a is proportional to the mass of solvent dissolved in imit volume of the solution, 
ibut the law sometimes ceases to be valid for high concentrations. The modified 

Jaw, due to Beer, is where c is the concentration. 

The e^nce of such colorimetric practice is that estimations of relative 
concentration may thus be made by finding the thickness of the layer of a 
standard solution necessary to give the same colour. White light is usually 
•employed. The apparatus used for this purpose varies from a few simple 
tubes with flat ends to the useful instruments of the Duboscq 
type (Fig. 24). The essence of the optical action of these is the telecentric 



Fig. 24 . —Optical action of Duboscq Colorimeter. 

stop S, which is placed in the principal focus of the lens Lj and selects for 
transmission only those rays passing in parallel to the axis. These rays, 
therefore, pass through the absorbing tubes as a parallel beam. The lens 
Lj is to allow the dividing edge of the field to be brought clearly into view 
without strain on the accommodation, but it does not otherwi.se influence 
the optical effect; and are equal cylinders of clear glass. In the instru¬ 
ment by Messrs. Hawksley and Sons, the lens Lg is omitted, the tube holding 
the stop and the lens being adjustable for focussing purposes. 

Theory of Matching. 

In one tube is found a test solution of unknown concentration c^ which is 
compared with a standard solution of known concentration c^. It is found 
that a depth or thickness ti of the unknown solution produces the same effect 
in the comparison field as a depth of the standard. Assuming that the reflec¬ 
tion losses, etc., are identical, then 

t 

from which «i=Co — 

^1 

Tf tb^ -solvit is coloimid then complications arise. The case may be 
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considered by adding a term to the power of e in the above equation to repre¬ 
sent the absorption of the solvent. Monochromatic light would be advisable 
for experiment in such a case. 

Snell* in his book on colorimetric analysis gives particulars of a great many 
chemical determinations which arc carried out rapidly and conveniently by 
this method. Seven methods for iron, seven for copper and eight for gold, 
are described, as well as numerous other applications to carbon in steel, lead, 
bismuth, and arsenic, aluminium, chromium and many other substances. 
The method of colorimetric determination of ammonia with Ncssler's reagent 
is well known for convenience and accuracy. A good bibliography of colimetric 
and nephelometric methods is given in the catalogue of the Klett Manufacturing 
Company of New York. 

Nephelometers. 

The scattering of light by particles suspended in a transmitting medium 
has been made the basis on which photometric or colorimetric methods have 
been applied for the study of precipitates, colloidal substances and the like. 
The pioneer in this direction was Richards, who devised an instrument for 
studying cloudy solutions which he termed a nephelometer (vs9s'Xt^, a cloud). 
A resume of the development of the subject is given by Thorpe in the 
** Dictionary of Applied Chemistry.'* The late Lord Rayleigh examined 
mathematically the scattering of light by very fine particles and gave an 
expression which has been widely used. Nevertheless, the ordinary .scattering 
of light by slightly cloudy solutions with fairly coarse suspensions (usually 
known as the Tyndall effect " from Tyndall's famous experiments on the 
subject) may be largely due to reflection effects at the boundaries of the 
particles ; the "blue" colour .selective effect characteristic of very fine particles 
rarely appears. In the most widely used modem nephelometer, that due to 
Kober, a vertical tube containing the turbid solution is illuminated by a 
parallel beam of uniform intensity incident perpendicular to the length of the 
tube. Kober’s nephelometer is shown in Fig. 25. Fig. 26 is to illustrate 
the theory. The quantity of light 8F scattered into a vertical direction by 
a thin layer of liquid of thickness Bt at a depth t below the upper boundary 
of the turbid medium may be written, 

aF=Kc8/ 

Where K is a constant, and c is the concentration (in this case proportional 
to the number of particles per imit volume of the liquid, assuming uniform 
size). The light suffers loss in transmission through the layers of liquid above 
the one under consideration, and the amount arriving at the upper boundary 
from the elementary layer may be written 

8F*= KeWe'** 

* Colorimetric Analysis. D. Van Nostrand Co., New York. 

Amer. Chem. Jour., 1904, 31, 235. 



26o 


JOUl^AL OF THE ROYAL SOCIETY OF ARTS. Jan. so. ms. 



Fig. 25 . —The Kober Nephelometer. 



Fig. 26 , —Theory of Kober Nephcmoleter. 

The total amount of vertically scattered light contained in a hypothetical 
vertical beam (in the actual instalment this is picked out by a telecentric 
stop at the focus of the observation system) can now be obviously obtained 

from the integral Kc^ ^dt. 

It should, however, be noticed that a is clearly connected with c, and for 
a first approximation we may write a = c 

hence F=y'jKce'‘‘“o‘rf/ 

The brightness of the field under the usual instrumental conditions is pro¬ 
portional to F. Hence when a comparison of the liquid for test is made 
■ with the similar liquid of standard concentration co (which requires a depth 
To, say, to give the same luminosity in the field) we have 

c T 

By this simple theory, therefore, we find cocoT = CoaoT^ or c=— 

The formula, first obtained by Kleinmann from experimental results, is not very 
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satisfactory when the cloudiness of the liquid is great. Kober’s suggested 
empirical expression takes the form 

where k is the nephelometric constant, which may be evaluated by taking 
readings of one or two known dilutions of the standard. A simpler method 
is to plot a curve from these results and determine the unknown concentrations 
from experimental results by the aid of the graph. The simple theory given 
above takes no account of the fact that through diffusion effects some of the 
light at first scattered sideways may finally become part of the vertical beam. 
Papers dealing with these expressions and the theory of the Kober instrument 
have been published by Wells* and Lednickyf. 

The side illumination is not the only available means by which the 
nephelometric measurements may be carried out. It is possible to view 
from the side while a collimated beam of light passes through the vertical 
tube. 

Let the intensity of the beam immediately after entering the medium be 

Iq, then the intensity after traversing a thickness t will be 
(assuming that no scattered light is contributing intensity to the vertical 
beam after diffusion and reflection). The amount of light scattered into 
a direction perpendicular to the beam will be proportional to the intensity 
of the beam and also to the concentration. Hence in the case of comparison 
with a standard, the equation may be written 

Kcloe'®*'’* = 

Where the right hand member represents the luminosity at a standard height 
in a tube filled with a liquid of standard concentration Cq. From this 
equation we obtain :— 

c * 

—— ao(c^Co^o) 

Co 

A graphical solution of the problem, on the lines indicated above, is the most 

satisfactory, but the equation may be useful in drawing the curve connecting 

concentration ” and height at which a standard luminosity is found.*' 

A nephelometer on these lines has been used by Professor A. F. C. Pollard, 

of the Optical Engineering Department, Imperial College, and an improved 

model has recently been described by Mr. R. Kingslake, of the same department, 

who has kindly brought it here for exhibition. In this instrument two tubes 

are employed illuminated as shown diagrammatically in Fig. 27. One of 

these can be given a vertical movement by a rack and pinion so that the 

luminosity at various measured heights in the movable tube can be compared, 

by the aid of a suitable comparison prism, with the luminosity at a standard 

* • 

• Jour. Amer. Chem. Socy., XLIV., p. 267, 1922, 
t Kolloid Zeit. XXXII., p. 12, 1923. 
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Fig. 27 . —Nephelometer with Vertical beam. 

height in the fixed tube. The movable tube can be filled with a permanent 
standard solution, or replaced by a rod of slightly opalescent glass. Professor 
Pollard has used his instrument with success for detecting and estimating 
the minute traces of oxides of nitrogen arising in the slow but dangerous 
decomposition of explosives, such as gun cotton. A solution was prepared 
N N 

by adding 20 ccs of —^NaOH very slowly to 8occs of -- AgNOg, which 

produces a slightly cloudy liquid. This was used to fill the standard tube 
of the instrument, and a calibration curve was first obtained by using this liquid 
in several dilutions in the comparison tube, for which the necessary height 
t was obtained which gave the standard luminosity at each stage of concentra¬ 
tion. 

A sample of the gun cotton to be tested was dried over H^SO^ for six days. 
Pure dry air bubbled into the comparison tube produced no change in the 
concentration, but when such air was passed over a sample of three grams 
of the gun cotton an immediate change in the concentration was detected 
and measured by the nephelometer. The action ceased at the end of an hour, 
but could be restarted by introducing a freSh sample of partially stabilized 
gun cotton into the air current. It would have been practically impossible 
to detect the decomposition products by ordinary chemical means. 

This brief description will serve to indicate the great sensitiveness of methods 
of this kind, a sensitiveness which can be greatly increased by methods similar 
to those of the ultra-microscope, but using a microphotometer system in place 
of the observing microscope. There is an immense field for exploration in 
this subject. The adequate study of the colours of material objects must include 
the study of all such effects as ‘'scattering,'* “diffuse transmission “ and the 
like. No apology for introducing the topic of nephelometry need be made. 

Limitations of Colorimetric Methods. 

The comparator or true substitution methods of limited range colorimetry 
and nephelometry are independent of the possible abnormality of the colour 
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vision of an observer, and this is true for the ordinary methods of visual 
spectrophotometry. 

The methods of general colorimetry are, however, very dependent on a normal 
state of ,colour vision. Although any one abnormal individual would very 
likely make consistent measures by trichromatic and monochromatic analysis, 
yet his measures would not be identical with those of a normal person. About 
four per cent, of the population suffer from more or less marked colour blindness, 
but there is at present little evidence to guide us in obtaining an idea as to 
how far the 96% more or less normal people would be likely to differ amongst 
themselves. It is well known that they exhibit certain variations in tri¬ 
chromatic additive matches. How far would the results differ when each 
individual reduced his results (with the aid of his own sensation curves) to 
terms of monochromatic analysis ? 

These considerations only apply, however, when measurements are wanted 
for transmission between different individuals. There are many purposes in 
commerce, such as the grading and standardisation of products in the 
laboratory, where only one individual needs to make and use such measure¬ 
ments. Here, again, we are independent of slight abnormality, but diminished 
sensitiveness to hue changes is always a disadvantage. 

Roughly speaking, a colour match made by a normal observer remains valid 
after retinal fatigue by coloured light, but the accuracy of fresh matches 
would be diminished. Every attention must be made to secure proper 
observational conditions. For photometry with a hue-less field, nephelometry 
and the like, my own suggestion* of surrounding the matching field with 
a wide border of equal brightness will result in increased accuracy of settings 
and might be adopted with advantage. 

General Lines of Progress. 

Returning to the consideration of the subject of general colorimetry, there 
is no doubt that progress is being rapidly made. The study of the action 
of the visual receptor mechanism, its fatigue, adaptation, and response 
characteristics, is placing the operations of photometry and colorimetry on a new 
and sounder basis, so that future experiments will be carried out with more 
precise conditions. A very great deal of work done in the past has been 
useless, because of the failure to control and specify the exact circumstances 
under which observations were made. 

As regards colorimetry, far more information is required regarding the 
nature of the results which would be obtained by different persons in deriving 
the three colour " sensation curves." Also, far more experience in the re¬ 
duction of colorimetric results obtained by different methods ought to be 
obtained. There are many points (such as the question of the addition of 
luminosities in the presence of differing hues) which require more experiment. 

* Proc. Roy. Soc. A. Vol. X04, p. 302. 
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Nothing but experience can teach how far the practice of general colorimetry 
will affect commerce and industry, but there seems to be a great number of 
openings. Sufficient has been said in the present lectures to show that the 
application of scientific methods to colour problems is resulting in many 
important developments. The saving of time possible by the use of artificial 
daylight must already be very great. 

While important developments are taking place in the study of the mechanism 
of colour vision (as, for instance, Allen's experiments on retinal reflex actions) 
progress in the more utilitarian study of colour measurement is also being 
made. Thjs requires close attention to the action of material substances on 
light, and I have tried in the present lecture to bring out the importance of 
the study of the reflection (specular and diffuse), transmission and scattering 
of light. It is with such thoughts in mind that I have given some little 
attention to limited range colorimetry and nephelomctry. 

It only remains to express my sincere thanks for the attention you have 
given me and to express the hope that these lectures may do something to 
create renewed interest in a subject of no little importance, but which is only 
one of the rapidly developing sciences which may be generally grouped under 
the title of Applied Optics. 

My sincere thanks are due to the following firms who have exhibited apparatus 
at the lectures :— 


Lecture I. Messrs. Lamplough Daylamp, Ltd. 

„ II. Messrs. Tintometer, Ltd. 

„ III. Messrs. Hawksley & Sons, 

„ „ Messrs. Adam Hilger, Ltd. 

,, „ Messrs. Adam Hilger, Ltd. 


Messrs. Kodak, Ltd. (Wratten 
Division) 


Exhibit. 

The Lamplough Daylamp and 
the Rest Lamp. 

The Tintometer. 

The Duboscq Colorimeter. 

The Hilger-Nutting Colori¬ 
meter. 

The Hilger-Nutting Spectro¬ 
photometer. 

The Eastman Colorimeter. 


OBITUARY. 

William Whitaker, F.R.S.—Mr. William Whitaker, who died at Croydon on 
January 15th, at the age of 88, was elected a member of the Royal Society of Arts 
in 1886. In 1890 he read a paper on Coal in the South-East of England,'* for 
which he received the Society's silver medal; he frequently took part in discussions 
here, and until quite recently his venerable figure was a familiar sight in the Society's. 
House. 

William Whitaker was bom in London in 1836, and educated at St. Albans 
Grammar School and University College, London. He was on the staff of the 
Geological Survey of England from 1857-96, and subsequently he practised as a 
consujMng engineer* his speciality being water supply from the deep borings in the 
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London area. He was the author of many Geological Survey maps and memoirs, 
and of numerous papers read before the Geological and other Societies, while his 
two-volume work on the Geology and Underground Water of the London Basin is a 
standard contribution to the subject. He was elected a Fellow of the Royal Society 
in 1887., He was also a president of the Geological Society from whom he received 
the Wollaston, Murchison and Prestwich medals. 


NOTES ON BOOKS. 

Motor Car and Coach Painting ; For Private, Commercial and Mass Output. 

By Charles E. Oliver. Edited by Arthur Seymour Jennings. London: W. R. 

Howell and Company, 42 Theobald's Road, W.C. i. £i 8s. Od. 

This handsome and fully illustrated quarto is essentially a book of the present 
day, and the first impression on glancing through it is the surprising changes that 
have taken place in Coach Painting since the advent of the modern motor car. 

Let us suppose that a reader opens ilie book at p. 105, where he is introduced 
to the “ Three-day Process'* in mass production as applied to the painting of 
from 200 to 300 fine car bodies per week. Here lie may read of drying rooms 
heated to appropriate temperatures, ‘‘ the first one at 160° I", for drying rust-proof 
primings, down to 100° F. in the last one, intended for finishing coats of varnish.*' 
As all through the book, the reader will find illustrative plates easily to liand : 
when reading p. 105 he has only to turn over the leaf on his left to see a good 
photographic plate showing a device for cleansing and heating the air of varnishing 
rooms; if, on the other hand, he has turned over two leaves on his right he will 
face p. 108 and plate XVII. The lower portion of the page and the plate give him 
sketch details of workshop planning. He will see how a main rail system, deeply 
recessed, carries transverse trollies by which motor cars or car-bodies can be quickly 
taken in or out of the ambit of special treatment. For example, six tranverse 
trollies may stop opposite six spraying recesses. Here the trained human elements 
step in ; spray-pistol in one hand, aided by electric control of the turntable, the 
operator may lay the first coat in half a minute. Matters incidental to modem 
intensive methods culminate in plate XXXIII., which illustrates the fiow-on 
method of painting, with drainage, pump and return system. 

Everyday practical details of the kind having special interest for the lone 
worker are described and illustrated in every section of the book ; these matters 
being easily accessible by a good index. On p. 32 there are hints on preparing 
the surface, whether the work is of the cheap class or otherwise, and opposite is 
a plate which illustrates two methods of rubbing down, also the use of the brush 
in varnishing. Filling in and surfacing in their broad aspects are considered 
on pp. 14-15, and on turning over forward there are five illustrations and text. 
Again turning over we have text and illustrations. 

Commercial matters are carefully considered from various standpoints, but a 
commercial problem not touched on is the production of so full and remarkable 
a book at the above-stated price. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock, unless otherwise announced:— 

February 4.— Sir Ernest Rutherford, O.M., M.A., D.Sc., F.R.S., Trueman 
Wood Lecture, “ The Stability of Atoms.” Senators Guglielmo Marconi, 
G.C,V.O., LL.D., D.Sc., Chairman of the Coimcil will preside. 
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February h (at 4.30 p.m.).— Sir J. Fortescue Flannery, Bt., Past-President 
of the Institute of Marine Engineers, The Diesel Engine in Navigation/" Lord 
Bearsted, LL.D., will preside. 

February 18.—J. S. Owens, M.D., Assoc. M.Inst.C.E., F.G.S., Superintendent, 
Advisory Committee on Atmospheric Pollution, Air Ministry, Meteorological Office, 
** Modem Atmospheric Conditions." Sir Napier Shaw, LL.D., Sc.D., F,R.S., will 
preside. 

February 25.— Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., “ The Power of 
Internal Combustion Engines for Motor Cars." The Hon. Sir Charles A. Parsons, 
K.C.B., LL.D., D.Sc., F.R.S., will preside. 

March 4^ —Professor W. E. S. Turner, 03 .E., D.Sc., F.Inst.P., Department 
of Glass Technology, University of Sheffield, “ The Modem Production of Sheet- 
Glass." 

March ii.—Emile Cammaerts, "The Restoration of Public Buildings in 
Belgium." Viscount Burnham, C.H., LL.D., will preside. 

March 18. — Claude N. Friese-Greene, " Colour Cinematography.” 

March 25.— Henry G. Dowling, " Wall-papers.” 

April i.—^William Nunn, " Siam.” 

Dates to be hereafter announced :— 

Major-General Sir William Sefton Brancker, K.C.B., Director of Civil 
Aviation, Air Ministry, " Commercial Aviation.” 

Sir Samuel Instone, "The Thames Passenger Services.” 

Cedric Chivers, " Bookbinding.” 

C. R. Peers, C.B.E., F.S.A., Chief Inspector of Ancient Monuments ard Historic 
Buildings, " The Development of Ornament.” 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D., (Edin.), B.Sc., D.P.H., 
F.R.C.P,E., " The Trend of Modem Hygiene." 

David Greenhill, " Colour Printing." 


Indian Section. 

Friday afternoons, at 4.30 o'clock. 

February 6.—J. T. Marten, M.A., I.C.S., "Population Problems from the 
Indian Census." Sir Edward Albert Gait, K.C.S.I., C.I.E., Ph.D., will preside. 

March 6.— Sir Henry Sharp, C.S.I., C.I.E., M.A., "Ihe Development of Indian 
Universities." 

May 8.— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph. D., F.R.S., 
" Indian Meteorology.” 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., 
" The Heart of Asia and the Roof of the World." 

Date to be hereafter announced;— 

Sir Alfred Chatterton, C.I.E., Assoc.M.Inst..C.E., " Tlie Industries of the 
Mjrsore State." 


Dominions and Colonies Section. 

Tuesday afternoons, at 4.30 o’clock, unless otherwise announced :— 

February 24.—R. H. Brackenbury, Member of the Empire Cotton Growing 
Corporation Mechanical Transport Sub-Committee, " Transport in Tropical Africa.” 
Major-General Sir Ernest D. Sainton,, K.B.E., C.B., D.S.O., R.E., will preside; 

Juke 18 (Thiupsday).— Hon. W. G. A. Ormsby-Gore, M.P., Under-Secretary of 
State Cblonies, " East Africa.” 

Date to kiJhereafter announced;— 



Jrtn. .10, ing 5 . 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


267 


Lord Blyth, “ Penny Postage and Postal Communications Generally.'' 

Dominions and Colonies and Indian Sections. (Joint Meeting). 

Date to be hereafter announced:— 

Lord Stevenson, G.C.M.G., (Chairman, Standing Committee of British Empire 
Exhibition), “ The British Empire Exhibition." Sir Charles Campbell McLeod, 
Bt. (Chairman of the Finance Committee of the Exhibition) will preside. 


Cantor Lectures. 

Monday evenings, at 8 o'clock:— 

V. E. PuLLiN, Director, Radiological Research Department, Woolwich, " Radio- 
logical Research—^A History." 

Lecture III.— February 2.—Early applications of X-rays. Development 
of medical uses. Modem applications. Physiological dangers. Necessity for 
protection. 

Walter Rosenhain, B.A., B.C.E., D.Sc., F.R.S., Superintendent of the Depart¬ 
ment of Metallurgy and Metallurgical Chemistry at the National Physical Laboratory 
" The Inner Structure of Alloys." Three Lectures. February 16, 23, March 2. 


Howard Lectures. 

Monday evenings, at 8 o'clock:— 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels." Three Lectures. 
April 20, 27, May 4. 


MEETINGS OF OTHER SOCIETIES DURING THE ENSUING WEEK. 


Mowday, Femuabv 2. .Chemical Induatry, Society of, (London Branch), at the Chemical Society, Burlington House 
Piccadilly, W. 8 p.m. (1) Mr. E. J. Lmb,'* Kinetica of Hydrogenation.’' Messrs. C.O.Ctmdnip 

and £. W. Smith. ** Tar Distillation by means of the T.I.C. (Lead Bath) Process.” 

British Architects, Royal Institute of, 9, Conduit Street, W. 8 p.m. President’s Address to Students 
and Presentation of Prices, 

Textile Institute, Ciothworkers* Hall, 41, Mincing Lane, E.C. 5.45 p.m. Mr E. B. Fry, *' Textile 
By-products, Mungo and Shoddy.’* 

Farmers* Chib, at the Surveyors’ Insntution, la Great George Street, S.W. 4 p.m. Prof. A. F. Barker, 
” British Wools, their Growth and Manufacturing Possibilities.” 

Electrical Engineers, Institution of (Western Centre), Plymouth 6 p.m. Mr. H. Marryat, ” Electric 
Passenger Lifts.” 

Royal Institution, Albemarle Street W. s pjn. General Meeting. 

Economics and Political Science, London School of, Houghton 9 treet, Kingsway, W.C. 5 p.m. Dr. 

£. B. Behrau, ” International Problems of Industry.” (Lecture III.) 

University of London, University College, Gower Street, W.C. 5 pm. Prof. G. H. Smith, ’’The 
Anatomy and Physiology of the Sympathetic Innervatmn of the Striated Muscle ” (Lecture III). 

At King's College, Strand, W.C. 5.30 p.m. Rev. C. F. Rogers,” EccMastical Music.” (Lecture II). 
5.30 P<ni. Mr. H. W. Steed, ” The Power of Hiatocical Memory.” 

5 p.m. Dr. J. A. Hewitt, "Carbohydrate MetaboUrm.” (Lecture III). 


Tuxsday, Furuaxy 3...Petroleum Technologists, Institution of, at the Royal Soc»tv or Arts, John Street, 
Adeb^ W.C. 3.30 pjsL Dr. H. 1 . Waterman and Blr. J. N. I. Perquin, ” DecompotiticMi of 
Paraffin Wax at 430 desraes Centigrade in presence and in absence of Hydroiea under High Pressure” 


ciety. Regent’s Psrk, N.W. 5.30 p.m. (x) Dr. Doris R. Crofts, ” TheC—- 

seal Gland (Rectal Gland) of Selachian Fiahea.” (2) Mr. S. Hirst, ” Descriptions of New 
Acari, mainly parasiti 
of the Thud Tang 

Report on the Ceatoda *’ (4) I_-----„-, 

Island, and other Notes.” (3) Mr. R. I. Pooomc, ” The ExteinsI Characters of an American Badger 
{TmstUua Uunu) and an American Mink {MwMm vimm) recently exhibited in the Society’s Gardena.’ 
(6) Mr. E. P. Allis, Jun., ” On tbs Origin of the V-ehaped Branchial Arch in the TetoostomL” (7) 
Mr. R. 1 . Pocock, ” Additional Notes on the l^tenud Characters 6 f some Plstyrldne Monkeys.” 
Metals, Institute of (Local Centre), at the Chamber of Commerce, New Street, Bir m i a g h a m . 7 P*in. 
Duensoion on,” Metgl Melting.” 

(Local Centre). Armsttang &lkge, Newcastle-on-Tyiie. 7*30 p4n. Open Discussion. 

Maxi^ Engffieers, Institute of, 83, The Minories, E. 6.30 pjn. Paper on The Treatment of Boiler 
Feed Water.’’ 

Royal Institutko, Albemarle Street, W. 3 x3 P-m* I>r. H. R. Hall, ” The Connexion an<f Relations 
of the Prriiiatoric Gredc and Ancient Mmtian UvUisati^s.” (Lecture II). 

Electrical Engineers, Institution of, (N.-WMtcm Centra), at the Enginm* Club, Albert Square, 
Manchester. 7 p.m. Mr. A. B. Mallinsnn ” Justifiable Small Power Plants.’* 
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University of London, University College, Gower Street W.C. 5.30 p.m. Mr. N. H. Baynes, " Som 
Aspects of Bysantine Civilisation." (Lecture I). 

3.30 p.tn. Mr. W. J. Perry, ** The Beginnings of Civiliaatkni." 

5.30 p.m. Miss Hilda D. Oakley, “ Tm Religious of Plato." 

At the Institute of Historical Research, Malet Street, W.C. 3.30 p.m. Sir Bernard Pares, 
" Contemporary Russia from 1861." (Lecture III). 

At ths Middlesex Hospital Medical School, Cleveland Street, W. 5 pm. Mr. £. C. Dodds. " The 
Chemistry of the Internal Secretions." (Lecture I). 

Wednesday, February 4. .Public Analysts. Society of, at the Chemical Society, Burlington house, Piccadilly, W. 

8 p.m. (i) Annual General Meeting, Presidential Address. (2) Dr. D. Hooper, ** Cinchonine as a 
Tannin Pre^itant with Special Reference to the Analysis of Cutch and Gambler." (3) Mr. C. A. 
Mitchell, *' The Examination of Charred Documents."' (4) Mr. H. K. Ambler, " The Absorption 
of Carbon Monoxide in Gai Anal>’sis." 

British Academy, at the Royal Society, Burlington House. Piccadilly, W. 3 p.m. Prof. M. W. Maccallum 
** The Dramatic Monologue in the Victorian Period.*’ 

United Service Institution, Whitehall, S.W. 3 p.m. Colonel D. J. C. K. Bernanl, "The Crossing 
of Rivers in Warfare." 

Geological Society, Burlington House, Piccadilly, W. 5.30 p.m. 

Kconomics and Political Science, London School of, Houghton Street, Aldwych, W.C. 5 pjn. Mr. 

H. P. Shapland, " The Principles of Desi^ Applied to Furniture." 

Electrical Engineers, Institution of, (Wireless Section), Savoy Place, Victoria Embankment, W.C. 6 p.m. 
Messrs. L. B. Turner and F. P. Best," The Optimum Damping in the Auditive Reception of Wireless 
Tel^raph Signals." 

University of London, University College, Gower Street, W.C. p.m. Mr. R. E. Flower, " The 

Use of Libraries:—Collections and Manuscripts." 

6 p.m. Mr. H. Higgs, " The Financial Problems of Europe." (Lecture III). Germany. 

At King’s College,.Strand, W.C. 5.30 pjn. Prof. A. Mawer, " The Viking Age, A.D. 500-800.” 

At St. Bartholomew’s Hospital Medical College, 6, Giltspur Street, E.C. 3 p.m. Prof. C. L. Evans, 
“ The Physiology of Plain Muscle." (Lecture IV). 


Thursday, February 3. .Royal Society, Burlington House, Piccadilly, W. 4.30 p.m. 

Electrical Eng^eers, Institution of, Savoy Place, Victoria Embankment, W'.C. 6 p.m. Dr. J. H. 

Jeans, " Electrical Forces and Quanta." (Kelvin Lecture). 

Royal Institution, Albemarle Street, W. 5.15 p.m. Sir William Bragg, " The Properties and Structure 
of Quartz." (Lecture II). 

Linnean Society, Burlington House, PicTaclilly, W. 5 p.m. (i) Dr. G. P. Bidder, " Growth and Death: 
a Discussioa.’’ (2) Dr. T. B. Davy, " The Geographical Distribution of the arborescent vegetation 
of Subtropical South Arrica." 

Chemical Society, Burlington House, Piccadilly. W. 8 p.m. 

Aeronautical Society, 7, Albemarle Street, W. 3.30 p.m. Air-Commodore C. R. Samson, "The 
Operation of Fljring Boats in the Mediterranean." 

Victoria and Albert Museum, South Kensington, S.W. 6 p.m. Mr. E. R. D. Maclagan, " Italian 
Sculpture." 

Mechanical Engineers, Institution of, (Midland Branch), at the Queen's Hotel, Binningham. 6.30 p.m. 
Mr. D. Adamson, " Ihe Economics of Engineering " 

(Glasgow Branch). At the Royal TechnicalCollie, Glasgow 7.30 p.m. Mr. J. Biggam, "Methods 
of Determining the Properties of Steam." 

S m Branch). At the Merchant Venturers’Technical College, Bristol. 7 P-m. Mr. L. A. 
, " Traction Across Rough and Roadless Country." 

of London, University College, Gower Street, W.C. 5 p.m. Dr. A. S. Parkes, " The 
Physiology of Reproduction." (Lecture III). 

J .30 p.m. Senator Ihof. A. Cippico, " II Senao Panico Nella Poesia di Gabriele d’Annunzio." (In 
talian). 

3-i3Pmi. Prof.J.E. G.deMontmorency,"African Customary Law, with special reference to Early 
Egjrptlan Law ’’ (Lecture IlH. 

At King’s College, Strand, W.C. 5.30 p.m. Lieut.-Comdr. A S Elwell-Sutton, " The Civilisation 
of China." 

3 p.m. Dr. R. K. McKerrow, " Bibliographical Notes for Students of English Literature." 
(Lecture 1). 

6.30 p.m. Dr. O. Vocadlo, " Czech Civilisation.’’ (Lecture IV). 

At the Institute of Historical Research, Malet Street, W.C. 5.30 p.m. Prince S. D. Mirsky, 
" Russian Literature in the Second Half of the XIX. Centuiy." (Lroture III). 

At Middlesex Hospital Medical ^ool, Cleveland Street, W. 5 p.m. Mr. E. C. Dodds, "The 
Chemistry of the Intonoal Secretioi^.’’ (Lecture II). 

Friday, February 6..Royal Institution, Albemarle Street, W. 9 p.m. Dr. R. W. Chambers, "The Earliest 
Recorded Kings of the Engjiih." 

Mechanical Engineers, Institution of. Storey’s Gate, Westminster, S.W. 6 p.m. Mr. J. B. Dahlerus 
" Anti^Friction Bearing Applications for Heavy Duty.” 

(Midland Branch, Graduates’ Section.) At tM Chamber of Commerce, New Street, Bi rmingham . 
7.30 p.m. Mr. R. B. A. Ellis, " James Watts.’’ 

Phikdc^cal Society, University College, Gower Street, W.C. 8 p.m. Mr. N. W. Thomas," The Sudanic 
Languages.’’ 

Aenmautlcu Engineers, Institution of, at the Engineers’ Club, Coventry Street, W. 6.30 p.m. Mr. 
H. L. J. Hmkler, " Flying in Australia.*’ 

Engineers, Junior Institution of, 39. Victoria Street, S.W. 7.30 p.m. Mr. E. G. Herbert, "The 
Measurement of Hardness and Aliled Properties of Metals." 

Auctioneers’ and Estate Agents’ Institute, a9i Linooln’s Inn Fields, W.C. 7.30 p.m. Blr. F. Colebrook, 
" Some Points in Machinery Valuations.’* 

University of London, at King’s College, Strand, W.C. 3.30 p.m. Mr. N. B. Japson, " The Btfly 
Hlst^ of the Stan." (Lecture I). 

GeologiBts* Association, University College, Gower Street W.C. 7.30 p.m. Annual General Meeting. 
8 p.tn. Address by the President, Mr. H. Dewey," The Mineral Zones of Cornwall.’’ 

SatvaoAV, Femuary 7. . Royal Institution, Albemarle Street, W. 3 pan. Dr. B. H. Fellowes, " The BUsabethan 

LoadenCouttty Council, at the Homiman Mnaeum, Forest HIE, S.B. 3.30 p.m. Mr. R. P. G. Denman 
s" Tae De^wp|iu»t of Modem Radio Communleatlon.’’ 
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NOTICES. 

NEXT WEEK. 

Wednesday, February nth, at 4.30 p.m. (Ordinary Meeting.) Sir 
J. Fortescue Flannery, Bart.. D.L., M.Inst.C.E., Past-President of the 
Institute of Marine Engineers, Past-President of the Society of Consulting 
Marine Engineers, The Diesel Engine in Navigation." 

Lord Bearsted, LL.D., a Vice-President of the Society, will preside. 
Tea and coffee will be served in the Library at 4 p.m. 


DOMINIONS AND COLONIES SECTION. 

Tuesday, January 27™, 1925; Sir Halford John Mackinder, M.A., 
in the Chair. 

A paper on " Economic Research in Tropical Development, with special 
reference to British Guiana and British Malaya was read by Walter Ranald 
Dunlop, late Professor of Economics, Imperial College of Tropical Agriculture. 

The following took part in the meeting:— ^The Hon. W. Ormsby^ 
Gore, M.P., Under Secretary of State for the Colonies, Colonel Sir Charles 
E. Yate, Bt., C.S.I., C.M.G., Sir Wilfred Collet, K.C.M.G., Mr. H. Hamel 
Smith and Dr. J. Augustus Voelcker. 

The paper and discussion will be published in a subsequent number of the 
Journal, 

EIGHTH ORDINARY MEETING. 

Wednesday, 28th January, 1925. Sir George Hopwood Hume, M.P., 
Alderman, London County Council, in the Chair. 

The following Candidates were proposed for election as Fellows of the 
Society:— 

Baker, Reginald Percy, London. 

Bolton, Herbert Cookson, London. 
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Hammoud, Miss Winifred, London. 

Leefe, B. W., London. 

Logsdon, Stanley £., Pernambuco, BrasA* 

Uddin, A., London. 

Whittaker, William Thomas, London. 

The following Candidates were duly efected Fellows of the Society:— 

Pates, Walter, Richmond, Indiana, U.S,A. 

Bond, Benjamin Davis, M.A., M.D., Kohala, Hawaii. 

Burne-Jones, David, London. 

Canning, Arthur Richard, London, 

Dunne* Daniel Patrick, Clifton Junction, Manchester. 

McMicnael, Leslie, London. 

Tejpal, Pandit N. L., Ludhiana, Punjab, India. 

A paper on "The Electrical Equipment of the London County Hall" was read 
by Mr. Charles A. Baker, M.I.E.E., Assistant Engineer, London County 
Council. 

The paper and discussion will be published in a subsequent number of the 
Journal. 


CANTOR LECTURE. 

On Monday Evening, February 2nd, 1925, Mr. V. E. Pullin, Director, 
Radiological Research Department, Woolwich, delivered the vhird and final 
lecture of his course, " Radiological Research—A History.” 

On the motion of the Chairman, Professor E. N. da C. Andrade, a vote 
of thanks was accorded to Mr. Pullin for his interesting course. 

The lectures will be published in the Journal during the summer recess. 


PROCEEDINGS OF THE SOCIETY. 


■ INDIAN SECTION. 


SIR GEORGE BIRDWOOD MEMORIAL LECTURE. 


Friday, January qth, 1925. 

The Hon. Vicary Gibbs in the Chair. 

The Chairman said that the pleasant task fell to him of introducing his distin 
guished friend, Sir David Prain, who was to deliver the Sir George Birdwood 
Memorial Lecture. He was well aware that there were very few present who needed 
an introduction to Sir David, who was going to give them an account of 
Government Botanical Gardens. He did not suppose that the lecturer would include 
in his lecture a very favourite garden of bis own, a very small one, not much bigger 
than the Physic garden in Chelsea; but it was a garden of which he was very fond, 
because it was one he used to knowwhen he was an undergraduate at Oxford. It was 
a charming pleasaunce and gave him his first interest in trees, which no doubt had 
a great influioiee on his life. Though a very undistinguished person he yet had 
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something in common with Sir David Prain, because both of them had been always 
lovers of plant life, Sir David with the scientific knowledge of a botanist, and 
himself in the humble r61e of a gardener and collector. He was led to take an 
interest in gardens by seeing the beautiful trees in the little botanical garden at 
Oxford. 

The lecture delivered was:— 

GOVERNMENT BOTANIC GARDENS. 

By Lieut.-Colonel Sir David Prain, C.M.G., C.I.E., LL.D., F.L.S., F.R.S., 

late Director, Royal Botanic Gardens, Kew. 

An invitation to deliver a Sir George Birdwood Memorial Lecture comes 
as an especial honour to one who has been indebted to Sir George for help 
in connexion with economic enquiries in their historical aspect. Yet the 
acceptance of that invitation by one who has had occasion to investigate further 
questions already illuminated by Sir George's touch has involved response 
bilities he would have found it more difficult to undertake, had not the 
Committee of the Indian Section of the Royal Society of Arts, with a kindness 
for which he has to thank them, prescribed the subject to be discussed. 

Sir George's comments on Garcia show that the work of Botanic Gardens 
interested him, and suggest that he regarded it primarily from an historian's 
standpoint. Though it be impossible now to treat the theme with all Sir 
George's erudition, it is desirable to approach it in Sir George's spirit. To 
an audience like this Sir George might have illustrated from Indian experience 
the purposes Government Botanic Gardens fulfil, though he would have had 
to refer, in passing, to Botanic Gardens other than Indian. All botanic gardens 
depend for success in their undertakings on their capacity to enlist the 
sympathetic co-operation of cognate organisations. But when explaining 
.what a botanic garden is, Sir George could hardly have confined his references 
to Indian examples. Notwithstanding the uniformity of purpose which 
enable's botanic gardens to render each other effective service, these institutions 
cannot claim a corresponding uniformity of origin. The Government Botanic 
Gardens of Asia, in particular, owe their formation to motives rather different 
from the reasons that have led to the existence of most of the Botanic Gardens 
of Europe. 

Many who take pleasure in visits to Botanic Gardens express their inability 
to discriminate between an establishment of this kind and a public park. 
Some who derive benefit from such visits seem to imagine that a botanic 
garden must subserve a horticultural purpose. Botanic gardens do occasionally 
possess amenities that render them places of popular resort; they often 
supply information that gardeners are glad to secure. Yet, however natural 
these somewhat discordant ideas may seem, they overlook the fact that a 
botanic garden exists to further botanical ends. 

Botanical ends have been modified oftener than once since the Greek term 
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" botanicey first came to indicate, in English letters, the science of" knowing 
plants/' and was used in order to contrast the study of plant-characters with 
" phytology/' which, even after the middle of the XVIIth century, still was 
" the art of ascertaining the temperatures, virtues and uses of plants, as tending 
to the curation or sustentation of the body." This particular definition was 
written at Oxford and was published in 1659. It is desirable to note the 
place and the date. A generation before this definition was formulated, the 
University of Oxford had been supplied with a chair for the teaching of 
" botanicey:" that University had to wait a decade after this definition 
was published ere it found a " professor of botanicey "—the first of the 
kind in England—to fill that chair. 

Phytologists, intent on the study of plant-qualities, had been conscious, 
since the middle of the XVIth century, of the pressing need for a further 
knowledge of plant-characters. The doubling of the Cape and the discovery 
of the Western Hemisphere had resulted in an almost overwhelming influx 
of new material; " phytologists " were no longer able to discriminate, by 
classical or mediaeval criteria, between plants whose products were useful 
and others whose products were valueless or might be harmful. 

This renaissance co-partnery between " botanicey" and " phytology" 
subsisted so long as the study of plant-structure and plant-function lay outside 
the domain of " natural history." Their alliance was so close that the science 
of " botanicey "—now " botany " for short—came to be looked upon as the 
basis of, rather than as an adjunct to, the "art of phytology." In 1663 those 
who in this country laid down the rules that should guide the conduct of 
seekers after scientific truth made it an axiom that the improvement of new 
natural knowledge for use should go hand in hand with its improvement for 
further discovery. By the middle of the XVIIIth century " botanists" 
had realised the importance of plant-function on the reproductive^ 
side. They believed that a solution of the " mystery of sex " might help 
them better to classify the vegetable kingdom and to elucidate the natural 
history of plants. They could now study plants philosophically: " plant- 
distribution " and " plant-association" received as much attention 
as " plant-characters" and " plant-qualities." This of necessity made the 
" botanist" also a " phytologist"—a modification wholly beneficial. Un¬ 
fortunately, however, the " phytologist" of 1750, the year in which this wider 
philosophy of plant-study was first formulated, did not require to profess, 
mastery of the science of" botany "; the application of the natural knowledge 
of plants, which was the " phytologist's " duty, was still considered an " art." 

The earlier half of the XIXth century brought further changes. The study 
of" vegetable statics," hitherto a branch of" natural philosophy," was found, 
to belong to biology as well as to physics; anatomy demonstrated the existence, 
chemistry tried to explain the purpose of the " cell." Intensive study of the- 
plant as a vital mechanism appeared to be possible without an extensive 
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knowledge of plants as living organisms; by a process of reasoning familiar 
in other connexions, students of “plant-structure" and of " plant-function 
on the nutritive side " came to regard themselves as the people with whom 
wisdom must die. They arrogated to themselves the designation " botanist" ; 
students of plant-characters and plant-qualities, of plant-distribution and plant- 
association were, at best, only “ natural historians." A new century has seen 
further modifications. The study of plant-function on the nutritive side, 
whether under those normal conditions that we term physiological or those 
abnormal ones which we regard as pathological, has made it clear that growth 
depends on factors other than the nature of the substratum. Plant-association 
now possesses a biological significance so profound that students of oecology 
seem at times disposed to relegate " morphology" to the position that 
laboratory-research in the XIXth century deemed appropriate to cabinet- 
investigation. On the other hand, the study of the "mystery of sex," renewed 
in the XIXth century with a vigour induced by the mastery of experimental 
method, has been extended with success into realms undreamt of in the 
XVIIIth century. As a result the study of the characters and qualities of 
plants has acquired a new importance, both for those engaged in the botanic 
garden or the field in handling old and in raising new plants, and for those 
busy in the herbarium or the museum in supplying the systematic and 
synoptic data without which natural knowledge cannot be applied so fully 
as it should. The tendency, displayed in the XVIIIth century and insisted 
on in the XIXth, to regard the application of natural knowledge as a matter 
which concerns only the arts and crafts interested, has for the time being dis¬ 
appeared. Now, even more definitely than in 1750, botany is the branch of 
natural science whose business is the study of vegetation in all its aspects. 

These changes in the scope of plant-study have affected workers in botanic 
gardens as greatly as they have affected those whose investigations are 
conducted in the field, the cabinet or the laboratory. In spite of this it 
sometimes appears, to those unfamiliar with what botanic gardens do, that 
there has been less modification in botanic garden methods than in laboratory— 
or cabinet-practice. Appearances are at times misleading; the mis¬ 
apprehension in this case is one of the consequences of incomplete observation. 
Workers in a botanic garden are subject to influences that hardly affect those 
privileged to labour in the field, the cabinet, or the laboratory. The field- 
botanist is free to confine his attention to the philosophy of plant-distribution 
or to that of plant-association, as he may decide. The cabinet-worker may 
devote his energies to the study of the characters, or the qualities, or both, 
of a single natural group of living organisms; the laboratory-student may 
concentrate his attention on the solution of definite morphological or 
physiological problems. But the garden-worker who deals with taxonomic 
problems has to use them as means to practical ends. The botanic garden- 
worker realises that the somewhat arrogant XIXth century distinction between 



274 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. Fab. e. ms. 


" scientific'" and " systematic" botany is only a rather ungracious variant 
of the more refined XVIIIth century objection to " botany "—the science 
of " knowing plants"—as an occupation which may amuse the fancy and exercise 
the memory without improving the mind or adding to real knowledge. The bot¬ 
anic garden-worker is aware that when, in the field or the cabinet, "system " 
is treated as an end in itself, this objection may be valid. But the botanic 
garden-worker, being a " phytologist" as well as a " botanist," knows that 
without system it is not possible to carry out that part of his duty which 
involves the making of natural knowledge available to industry and conunerce. 

Towards the results of laboratory-research the attitude of the botanic garden 
resembles ’ that maintained towards cabinet-study. When appl3dng the 
physiological knowledge gained by the laboratory worker, whether in relation 
to health or disease, and whether on the nutritive or the reproductive side, 
the worker in a botanic garden remains interested in the morphological bearings 
of his investigation, and makes himself as conversant with the characters 
and qualities of the plants employed as if he were an herbarium—or a 
museum-student. 

To this freedom to concentrate attention on particular problems or particular 
aspects of problems the success of work in the laboratory, the cabinet and the 
field is often due. But if the necessity to retain old as well as to adopt and 
apply new methods, which work in a botanic garden involves, may at times 
seem to possess certain extrinsic drawbacks, it has also some intrinsic 
advantages. It permits, among other things, a continuity of interest and 
effort that need not be limited to the lifetime of the individual worker, and 
need not disappear with the dominance of a particular phase of botanical 
thought. 

One influence to which this continuity is to some extent due is that exercised 
on botany by gardencraft, whose aid is essential to the management of a 
botanic garden. It is this feature which explains the idea that a botanic 
garden exists to serve the purposes of horticulture. Yet it is this feature which 
enables us, on further thought, to realise that this idea, so often entertained,, 
must be the converse of reality. There is, no doubt, in any botanic garden 
an intimate alliance between botany and gardencraft. But a botanic garden 
is not, on that account, an institution in which botany professes to demonstrate 
how plants should be grown; it is a place where gardencraft assists botany 
to increase natural knowledge. 

The tendency to confuse a botanic garden with a public park is more 
intimately connected with our modem and popular conception of a" garden." 
We are apt to forget that this term, shorn of accidental associations, means 
no more than an enclosure which shelters cultivated plants. We are tempted 
to think of a " garden " as did that great Lord Chancellor who remarked 
with truth, three hundred yearn ago, that“ to garden finely " was a perfection 
" r^rved for ages jjrown to civility and degancie." TTie " garden " Bacon 
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had in mind is an enclosure which, while affording protection to the plants 
contained, promises its owner and his friends intellectual pleasure and artistic 
satisfaction. So remote is this conception from the original one, yet so widely 
does it prevail, that when national needs, begotten of war conditions, called 
for a reversion to primitive practice, a new name had to be found for an old 
thing. The " allotment," which reiterates the. imcivil and inelegant precept 
that man must eat his bread in the sweat of his face, reminds us that the 
original purpose of the " garden-close " was severely economic; that it was 
meant to provide for man's bodily welfare, without making any offer of mental 
refreshment or any appeal to aesthetic feeling. Those familiar with tropical 
conditions recognise in the " allotment" a return, dictated by necessity, to- 
that undifferentiated husbandry characteristic of hot countries with a maritime 
or a monsoon climate, where the plough has not yet supplanted the hoe. 

In one respect the " allotment," though possibly more perfect, is perhaps 
less complete than the tilled enclosure in which no distinction can be drawn 
between the " field " and the " yard." The primitive enclosure served a 
double purpose: it ministered to the sound by providing much of what the 
husbandman could eat and some portion of what he might wear; it tried to 
serve the sick by supplying what, it was thought, could mitigate pain and 
what, it was hoped, might cure disease. The disappearance of domestic 
remedies from modem enclosures is not, however, a direct result of the pre¬ 
historic specialisation which led to the evolution of the " medicine-man," 
who found his prestige enhanced when he could supplement and in time 
replace the familiar " simples " of his tribe by drugs collected afield and in 
secret, under favourable planetary conjunctions and during suitable phases 
of the moon. Our neglect of these plants is perhaps more immediately 
traceable to that modification of outlook which led many of the northern 
races of Europe to regard with some suspicion matters in any way connected 
with the Church of Rome. 

The Latins, whose interests were largely economic and whose curiosity 
did not always extend beyond the practical, classified the plants they cultivated 
or put to economic use in accordance with their qualities. This grouping was 
accepted by renaissance students, and, among the groups thus recognised, 
those that chiefly concern us now were the " esculent," the" medicinal," 
the " coronary," the" aromatic." Thegroupof "medicinal plants " included 
the sources of mediaeval domestic remedies—plants rarely grown in modem 
northern gardens. They were, perhaps, hardly more familiar in classical 
gardens than in ours. Though medicinal plants are discussed by authors 
like Dioscorides and Pliny, the exploitation of the dmgs they yielded was 
largely left, in classical days, to specialists who were often accused of witchcraft 
and sometimes suspected of murder. In this connexion the advent of a 
Levantine faith, whose influence grew as that of classical " civility and 
elegancie " decayed, did rather more than banish dark beliefs which cultured 
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paganism was content to entertain. If the laity in the middle ages showed 
a disposition to abide by this pagan habit, the early Church set its face against 
it and reverted to the practice of growing homely remedies. The original 
undifferentiated " tilled enclosure *' had harboured, along with the rudiments 
of horticulture and of agriculture, also the germ of medicine, and thereby 
inspired the formation of the *' herbularies " that, in the oldest of monastic 
establishments, found a place alongside the plots in which the brethren grew 
their legumes and their fruits. By a simple and easy transition the monastic 
" herbulary '* developed into the" physic garden " characteristic of the medical 
schools attached to the Universities that sprang up so freely after the fall 
of Byzantium and the consequent revival of learning in Western Europe. 

It is sometimes believed that because, by an equally easy transition, such 
a " physic garden " could develop into a botanic garden, there may be some 
essential connexion between "medicine" and " botany." While it is true 
that some five botanic gardens in Europe out of six began as " physic gardens," 
the connexion between " botany " and " medicine " was really accidental. 
The cultivation of "esculent plants " was attended to as carefully in monastic 
gardens as was that of ** medicinal plants." If the cultivation of " herbs 
of healing " were due to a conscious ecclesiastical effort to place the use of 
drugs on a higher plane than in pagan days, the cultivation of food-plants 
was an equally conscious endeavour to preserve something worth saving 
from the wreck of the Western Empire. In the " physic gardens " to which 
these monastic" herbularies " gave rise, there was the same combined practical 
cultivation and phytological study of vegetables and drugs; the same equal 
attention to the maintenance of health and the treatment of disease. The 
urgency of the need for botanical aid, in which renaissance " phytology " 
stood, was less in connexion with new drugs than in connexion with new 
foods and food-accessories, like the potato, the topinambour, cocoa, tea, 
tobacco and so many more, then for the first time finding their way to Europe. 

This alliance of the medieval art of " phytology " with the renaissance 
science of " botanicey " was really a reversion to an attitude manifested in 
Greece some eighteen centuries earlier. The garden formed by Aristotle, 
in which his pupil Theophrastus discoursed Tfcpi was nearer 

in purpose to a modem botanic garden than any " physic garden" of the 
XVIth century. This explains Rousseau's remark that Theophrastus was 
the only " botanist" the ancient world produced: Theophrastus, alone among 
classical writers, dealt with plants as living things rather than as sources of 
useful products. What we learn of his doctrine shows that he was inspired 
by " scientific curiosity." His teaching was as philosophical in spirit as the 
teaching of botany is to-day. If, since the middle of the XVIIth century 
the " botanist" has been also a " phytologist," we have to admit that in the 
da3^ of peripatetic philosophy the " phytologist" tried to be what the 
botanist" of the XXth century is. 
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Some of the plants used by Theophrastus to illustrate botanical facts show 
that his garden contained ‘‘coronary " as well as “esculent" and “medicinal" 
plants. This does not imply, however, that his enclosure was a “garden” 
in the renaissance sense. The Greeks and Latins could garden well; they 
had mastered the art of making domesticated plants thrive. They grew in 
their enclosures many “ coronary “ plants for their intrinsic beauty or for 
their scent. But the intellectual pleasure these “ herbs of grace “ afforded 
was tempered by their suitability for the making of wreaths. The classical 
householder did not “garden finely;” he made no conscious effort to dispose 
the “coronary ” plants he cultivated so as to produce a pleasing general effect. 
Nor did mediaeval monastic enclosures do ^ore in this direction. A faith that 
strove to wean the thoughts of believers from this imperfect world paid but 
little attention to what the unconverted considered “herbs of grace.” It 
did, indeed, condone the cultivation of some “ coronary plants,” less because 
of their “ grace” than owing to their association with legends concerning 
Our Lady and with traditions as to the lives and deaths of saints and martyrs. 
The impulse that, in renaissance days, led men and women of means and 
taste “ to garden finely ” was not identical with the incentive to form “physic 
gardens.” The formation of enclosures to afford intellectual pleasure and 
satisfy artistic desires was an amplification of the classical regard for 
“ coronary” plants rather than a development of monastic practice. That 
amplification was due to the use of classical “ herbs of grace and faith ” in 
attempts to reproduce those Oriental “ paradises ” whose existence was 
attested in works that were canonical and whose nature could be gleaned from 
accounts of Arab culture. 

When the makers of renaissance “ pleasaunces ” happened to be imbued 
with” scientific curiosity ” as well as with” artistic skill,” such establishments 
became at once as truly botanic gardens as any of those that had originally 
been “ physic gardens.” The renown, in their day, of gardens like that of 
John Brancion in Flanders, that of Cardinal Famese at Rome, that which the 
Burgomaster of Temeuzen put at the disposal of Pastor Peter Hondius, that 
of John Goodyer in Hampshire—to mention but a few private establishments 
which chanced to be almost contemporary—^was at least equal to that of the 
gardens attached to Universities like those of Padua, Pisa or Leiden; those 
of Paris, Montpellier or Oxford. Though the “ physic gardens ” attached 
to Universities have so often continued to exist as Botanic Gardens, while 
the private “ pleasaimces ” that were botanic gardens from* the time they 
were formed rarely managed to survive, the difference in their fates was due 
to the character of their ownership rather than to the nature of their origin. 
Two instances from English botanical history may suffice to explain the 
situation. The private garden of John Gerard, herbalist of Holborn, one of 
the best known “ physic gardens ” in this country at the close of the XVIth 
century, ceased to exist.after its owner's death. On the other hand, an XVIIIth 
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century English " pleasure garden," which owed its origin to the artistic 
instinct, and its conversion into a botanic garden to the scientific curiosity 
of an enlightened Princess, enjoys still a renown wider than that of any other 
botanic garden in the Empire, and is regarded by strangers as second to no 
botanic geirden in the world. 

The absence of allusions to other classical gardens in which^ olants were 
grown to gratify the " scientific curiosity " of those who visited t’ in, suggests 
that the idea underlying the formation of the one in which iheophrastus 
lectured may have been peculiar to Aristotle. Egypt had at least one garden 
which cdmbined to some extent the feature of a " physic garden " and a 
■** pleasaunce." Babylon, it appears, had its " paradise.” The medical 
writings of India and Assyria hint that they may have had " physic 
gardens.” But it is difficult to find an exotic source for Aristotle’s inspira¬ 
tion, and we are only prevented from feeling assured that it originated with 
him because the same conception happened to take concrete form in the 
Western Hemisphere. When Europeans reached America, Mexico could boast 
the possession of two botanic gardens, designed to satisfy both the economic 
and the scientific curiosity of Montezuma’s subjects. Spain, after her conquest 
of that kingdom, did what she could to maintain and preserve one of these 
gardens. 

The idea which had guided Aristotle and inspired the rulers of Mexico 
occurred once more to those English planters in the West Indies who, in 1764, 
established in the grounds of Government House at St. Vincent a garden 
stocked with useful and ornamental plants, to illustrate what the West Indian 
colonies could produce, and to demonstrate what plants of exotic origin might 
be grown in the West Indies with advantage to the inhabitants, lliose who 
founded this garden were, apparently, actuated by more than an economic 
purpose; the designation they gave it indicates that they hoped the new 
garden might also satisfy scientific curiosity. Their action was but a further 
instance of that sympathy with the improvement of natural knowledge 
manifested by West Indian planters when they gave the financial assistance 
which ensured the publication of scientific treatises dealing with the natural 
history of Jamaica, Barbados, the Bahamas and Carolina. The well-known 
works of Sloane, Hughes, Browne and Catesby were prepared in emu'ation 
of the more famous ones dealing with the natural history of Malabar and 
the Moluccas, prepared by servants of the Dutch East India Company, -he 
appearance of these latter works by Rheede and Ruihphius had not conveyed 
to English merchants in the East Indies the lesson they taught English planters 
in the West Indies. The " scientific curiosity ’’ of the Eng lish East India 
Company in the natural products of its territories, if it existed at all, was 
more than satisfied by what its Netherlands rival had done. But when 
English planters in the Wmt Indies went a step further than Dut^ merchants 
in the East .Indiies had geme, they suppli^ the tvi^o competing Eastern 
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corporations with food for thought. The Dutch East India Company, whose 
example as regards natural history surveys had been imitated in the West 
Indies, did not pay the latter the compliment of copying at once the West 
Indian idea of establishing a botanic garden, The English East India Company, 
which had not thought it necessary to make a survey of the resources of its 
possessions, followed the example set by the West Indies so far as the establish¬ 
ment of experimental gardens was concerned. 

The history of the two great East India Companies affords a clue to these 
diversities of purpose. The rivalry which marked their careers was the 
outcome of a community of interest in the products of what were knoMm to 
classical and renaissance naturalists as '' aromatic plants." These plants 
were often linked with " coronary " ones, much as " esculent plants " were 
associated with " medicinal" ones. Yet they were less frequently grown 
in classical gardens than their " coronary " companions; those best known 
were common on the hillsides of Greece and Italy, those whose products were 
most in demand rarely found the climate of the northern Mediterranean 
seaboard congenial. Supplies of these products reached the ancient world, 
largely by way of the Red Sea, from the Emporium Aromatum on the East 
Coast of Africa, or from Western India and the lands beyond that lay "under 
the wind." Sellers of the " incense " of Zingis and the " spices " of the two 
Indias were less reticent regarding these commodities than were those who 
retailed drugs and the " drowsy syrups of the East." But the confusion as 
to their characters, manifest in classical allusions to " aromatic plants," is 
as bewildering as the dubiety regarding the qualities of many of the familiar 
“ medicinal" ones. If those who sold " balsams " and '' spices " were more 
communicative, they were even less well informed than dealers in " simples." 
Perhaps the Oriental middlemen from whom classical merchants derived their 
supplies did not always tell the same tale or provide articles true to name. 

The fall of the Western Empire caused, less dislocation of the traffic in 
Eastern products than it did to most of the activities of the Latin world. 
If the barbarians who overthrew Rome preferred European foods, they soon 
developed a taste for Oriental condiments; the trade in " spices," which 
flourished during the middle ages, became a Venetian monopoly. It was a 
wish to break this monopoly that took the Portuguese round the Cape of Good 
Hope and led them to deprive Arab seamen of the maritime supremacy they 
had so long enjoyed in the seas beyond the Cape of Currents. It was a resolve 
to destroy the new monopoly that induced the Dutch to follow the Portuguese 
-and deprive them of their mastery of the Indian Ocean, It was a determination 
to share in the profits of the spice trade that led the Merchant Adventurers 
of London to form an East India Company of their own. As regards most 
Indian products the two corporations could buy and sell on fairly equal terms. 
But as regards the traffic in " cinnamon, nutmegs and cloves," equally coveted 
iby both companies,^ t^e Dutch were at an advantage: they had reached the 
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Indies first and had taken over from Portugal the political as well as the 
commercial supremacy of Ceylon and the Spice Islands. The example set 
by the West Indies in forming a Botanic Garden at . St. Vincent gave the 
English East India Company a hint which the Dutch East India Company 
hardly required. The English Company resolved to form a garden in which 
to naturalise, if possible, the" aromatic plants " characteristic of, and confined 
to, islands held by the Dutch. 

The lead in this enterprise was taken by the oldest of the English presidencies. 
The Government of Fort St. George established an experiment^ garden at 
Samalcotta as a centre in which to grow and from which to distribute the 
plants that 3deld " cinnamon, nutmegs and cloves," and another similar 
garden at Marmalon, to be used, like the garden at St. Vincent which had 
supplied the idea, for the naturalisation and distribution of economic plants 
generally. The Dutch in Ceylon, with this example at their door, now formed 
a garden on the lines of that at Marmalon, in Slave Island, near Colombo. 
But the effect of the action taken by the Government of Madras that was to be 
of most consequence to Eastern Asia was that produced on the Government 
at Fort William in Bengal: the healthy rivalry between the two presidencies 
could not suffer the one at which the Governor-General resided to lag behind 
its neighbour to the south. The Bengal Government gave favourable considera¬ 
tion to a proposal by the Secretary to their Military Board that a botanic 
garden be formed at Calcutta. This proposal was approved by the Court of 
Directors; the new garden was founded in 1786. From the outset, the Calcutta 
garden was intended to combine the objects for which the two Madras gardens 
had been formed. There was a hope that the effort to establish " cinnamon, 
nutmegs, and cloves," which had failed in Coromandel, might succeed in 
Bengal; there was a further hope that it might be possible to naturalise in 
Bengal teak and other trees, from various parts of India and Burma, whose 
timbers were of importance to shipbuilders, in order that the company might 
eventually be able to construct new and repair old vessels with material grown 
in the vicinity of its own dockyard on the Hughli. 

The records pf the two Madras gardens show that they differed in more 
than their original purpose. That at Samalcotta was placed in charge of Dr. 
William Roxburgh, whose competence as a"phytologist" is established beyond 
dispute by the recognition accorded his economic labours by the Royal 
Society of Arts, and whose eminence as a" botanist" was manifested in his great 
work on the " Plants of Coromandel," prepared while he was superintendent 
of the Samalcotta garden. The advantage to his charge and to his- 
correspondents of a superintendent who " knew plants " and could describe 
and name them was that anything raised at and distributed from Samalcotta 
must be exactly determined and accurately designated. The garden at 
Marmalon w 4 s m diarge of a competent" phytologist" who, however, was not 
a" botanist" in the contemporary sense and as defined by the great Linnaeus. 
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We read in an official letter to the Governor of St. Helena, dated February 
15th, 1791: " I have forwarded some trees under their Indian names rather 
than wait for the examination of their flowers and fructification." The 
Dutch garden in Ceylon seems in this to have resembled the garden at 
Marmalon. So, during its earlier years, did the Calcutta botanic garden. 
But when, in 1793, Lieut.-Col. Robert Kyd, its founder and first superintendent, 
died, the Court of Directors at home appointed Roxburgh to succeed him, 
and ordered his transfer from the Madras establishment to that of Bengal. 
With the advent of Roxburgh the Calcutta garden became a botanic garden 
in fact as well as in name. But this change in the character of the Calcutta 
garden made it responsible, at least indirectly, for the disappearance of the 
two Coromandel gardens: that at Samalcotta was given up when Roxburgh 
left; that at Marmalon was abandoned some years later. When Ceylon 
was seized by the English, the garden established by the Dutch was abolished. 
But the Calcutta garden was soon to be directly responsible for the formation 
of two new gardens, to the east of the Sea of Bengal, modelled on the one 
which had been made by Roxburgh for the Madras Government at Samalcotta. 

When the English took possession of Ceylon they also occupied the Moluccas. 
The Company, notwithstanding Roxburgh's experience at Samalcotta and 
Kyd's experience at Calcutta, resolved to repeat, on a more extended scale, 
their efforts to naturalise " cinnamon, nutmegs and cloves " in India. We 
gain a more vivid conception of this great experiment from the correspondence 
of Dr. Francis Buchanan, Roxburgh's friend and successor, than from con¬ 
temporary official records. Writing from beyond the Megna on May loth, 
1797, Buchanan said to Roxburgh: “ I congratulate you on your success 
from the Spice Islands, though I am much afraid that you will have great 
difficulty in reconciling the nutmeg plant to the climate of Bengal. Do not 
you think that it might be advisable for the Company to form a plantation 
of nutmegs, cloves and cinnamon near Cape Comorin ? For it must be obvious 
that our retaining possession of the Spice Islands and Ceylon at the peace 
will be extremely precarious." 

Buchanan's fear was justified and the Government of Fort William, when it 
decided to seek a locality less unfavourable than Lower Bengal, chose Buchanan 
as the officer to look for it. But the Bengal Government did not send Buchanan 
to Cape Comorin; the locality they desired must be one within the Bengal 
presidency. Writing on January ist, 1799, to his old friend and fellow- 
student, the President of the Linnean Society, Buchanan said: " Last March, 
April and May I was employed by the Board of Trade in examining the provinces 
of Chittagong and Tippera to find out the places most likely to answer for 
the cultivation of spices." Soon after this deputation had been arranged, but 
before it had begun, Roxburgh was invalided to the Cape. When the deputation 
ended, Buchanan was directed to act as superintendent of the Calcutta 
Botanic Garden until Roxburgh should return. Buchanan’s letter to Dr. 



282 JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Feh. 6, 19S5. 


J. E. Smith, therefore, goes on: ** My report was unfav6virable; but Chittagong 
is going to be tried, and I shall soon send off a number of nutmeg and cinnamon 
‘trees to be distributed among the proprietors of the southern part of the 
Chittagong province, especially in the island of Mascally." 

By the time that Roxburgh returned, restored to health, in October, 1799,. 
the Board of Trade knew that Buchanan's judgment as regards Chittagong 
had been as accurate as it had proved in respect of Bengal. The Bengal 
Government did not favour Buchanan’s suggestion as to Cape Comorin; 
this would have involved the transfer of their experiment to the Presidency 
of Madras. But Bengal approved an alternative suggestion, made by 
Roxburgh, for the formation of a botanic garden at Penang. 'This was 
acted upon in 1800, as was a further suggestion by Roxburgh, carried out 
in 1803, that a spice plantation be established at Fort Marlborough in Sumatra. 
The plants with which the latter was stocked were brought direct from the 
Moluccas by William Roxburgh, junior, who had been appointed by the Court 
of Directors in z8oo to the post of Assistant to his father in the Calcutta Botanic 
Garden. 

The enthusiasm of the Government at Calcutta presently waned. The 
Penang Garden was able to ripen nutmegs; the Fort Marlborough plantation 
proved self-supporting. But they were not under the eye of the Governor- 
General, and when, in 1805, Roxburgh took furlough to Europe and Buchanan 
went to England on duty as a member of Lord Wellesley’s staff, the 
opportunity was taken to abolish the Penang Garden, though the plantation in 
Sumatra, which was free from the objection of being a '! scientific " establish¬ 
ment, was permitted to thrive. ‘The Calcutta Botanic Garden, of which 
yoimg Roxburgh held charge during his father’s absence, could not be suppressed 
without the sanction of the Court of Directors at home. 

It was, naturally, Roxburgh’s hope that his son might be nominated his 
successor, and the Court of Directors went so far as to agree, provided young 
Roxburgh should be found qualified. The reason for the appointment of 
Roxburgh himself in 1793 was that the Court had been advised that part of 
the duty of the superintendent of the Calcutta Botanic Garden should be 
to describe the vegetable productions of their Indian possessions and to com¬ 
municate these descriptions to the learned of Europe. They could hardly 
accept Roxburgh’s plea, submitted in 1806, that for the post he occupied 
" science is not necessary; that a cultivator alone is required: ” to have 
done so would have been to stultify the earlier decision. Young Roxburgh, 
by his father's own admission, however competent he may have been as a 
" phytologist,” was not a" botanist ” able to describe plants and communicate 
their descriptions to the learned of Europe. But if Roxburgh’s wish could 
not be gratified, his son’s prospects were not injured. Soon after Roxburgh’s 
return, the superintendentship of the spice plantation in Sumatra became 
yacantf and in 1807 young Roxburgh was placed in charge of the garden which 
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had been stocked by himself in 1803. This post, which he was well qualified 
to fill, young Roxburgh held until he relinquished the Company's service in 
order to become a private planter in Sumatra, a decision he reached before his 
father retired. 

After a period of quiescence came the wave of scientific enthusiasm^ 
which saw the formation of a botanic garden in Java in 1817, the conversion 
of a " pleasure garden ” at Saharanpur, which owed its existence to the 
munificence of an Indian noble of means and taste, into a botanic garden 
for Northern India, and the transfer in 1821 to a more suitable locality of 
the garden in Ceylon which had been revived in 1810. In 1822 Dr. Nathaniel 
Wallich, Buchanan's successor at Calcutta, visited the Malay Peninsula as 
the guest of Sir Stamford Raffles, and was able to secure the restoration of 
the Penang Botanic Garden. In 1823 Raffles formed a new botanic garden 
at Singapore. Again, however, official enthusiasm was short-lived; the 
second Penang garden was abolished in 1826; the garden formed by Raffles 
at Singapore was abandoned in 1829. After another and longer period of 
neglect came another wave of enthusiasm; a second botanic garden was 
formed at Singapore in 1878 and a third botanic garden at Penang in 1884. 
The latter only survived until 1910, and if the lessons of history justify an 
** intelligent anticipation of events," we need hardly doubt that one day some 
reason may be manufactured for the abolition of the garden which at present 
replaces the one whose formation was due to the foresight and judgment 
of Sir Stamford Raffles. The experience of India proper has hardly differed 
from that of Malaya. Efforts made by the Presidency with which Sir George 
Birdwood was most intimately associated were not more successful than those 
of Madras: largely owing to him, Bombay can boast an Oriental" paradise," 
but hardly a botanic garden. Even in Upper India, for which the Saharan¬ 
pur Garden served as an useful scientific centre during three-quarters of a 
century, the attempt to maintain a Botanic Garden has been abandoned. 
There is now only one Indian Government Botanic Garden. 

This record is perhaps disappointing, but it need hardly be regarded as 
surprising. A botanic garden, to be of use, involves considerable recurrent 
expenditure. If its work is to be of value, the Government that maintains 
it must discourage attempts to produce direct revenue: energy expended in 
this direction involves corresponding impairment of scientific efficiency. If 
a province cannot afford a botanic garden which brings no revenue, it is sounder 
economy to do without one: the return which a botanic garden brings is 
indirect. How vast that return may be South-eastern Asia knows. By 
what they have done in connexion with the creation of such industries as 
those connected with tea, cinchona and rubber, all the outlay by their respective 
Governments in respect of the boUnic gardens of Calcutta, Buitenzoig, 
Peradeniya and Singapore has been repaid an hundredfold. 

If the facts suggest that there has been a tendency at times 
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to abolish a botanic garden whenever this was possible, this policy 
has rarely been the immediate result of official antagonism towards 
institutions that are included in the group quaintly classed, by 
secretaries for finance, as “ Scientific and other Minor Departments." More 
Often the action has been an indirect consequence of the attitude towards the 
work of a botanic garden adopted at various times by botanical thought as a 
whole. That attitude has not always been the same; that it should often 
have been a critical one need hardly create astonishment. It has been, and 
must remain the duty of a botanic garden to increase the sum of natural 
knowledge; to place the natural knowledge it may possess at the disposal of 
industry and commerce; to do what it can to apply this natural knowledge in 
in practice. Among the steps taken by the Calcutta Botanic Garden, for example, 
to add to natural knowledge may be mentioned those of systematic and economic 
survey, both commenced during the incumbency of Roxburgh, and the former, 
at least, prosecuted with vigour ever since. Systematic survey work began 
in the Spice Islands in 1796 ; economic survey work began when Roxburgh's 
suggestion that Buchanan be sent on deputation to Chittagong was carried 
into effect in 1798. In survey work reliance must be placed on the method 
of observation. The obligation of botanic gardens to depend on this method 
in some of their work has been the subject of unfavourable criticism by those 
so fortunately situated as to be able to employ the method of experiment in 
all they undertake. In placing the natural knowledge they possess at the 
disposal of others, it is the duty of botanic gardens to arrange for floristic and 
monographic study, a proceeding which ensures for-them the disapproval of 
those who regard " system " as unscientific and the preparation of hand-lists 
and gazetteers as mechanical; More antiquated even than the continued 
reliance on observation and the continued employment ofsystem, seemed to the 
academic eye of half a century ago, that continued belief of botanic gardens 
in the validity of the XVIIth century injunction that the application of natural 
knowledge is as deserving of attention as its advancement. To this determina¬ 
tion of botanic gardens to abide by what was good in the old, while absorbing 
what was best in the new, India owes her tea-gardens, Java her cinchona 
plantations, Ceylon and the Malay Peninsula their rubber industry. But 
the English and the Dutch Indies owe to this attitude on the part of their 
botanic gardens another and perhaps a greater debt. What has been gained 
as the result of these successful ventures can be computed. What has been saved 
to industry and commerce by the avoidance of enterprises that botanic gardens 
could show were doomed to failure, is almost incalculable. 

It is fair to remark that one of the" scientific ".objections to botanic gardens 
is that for work of this kind such institutions are needlessly expensive 
instruments; that equally good results may be anticipated if the work of 
exchange and cultural experiment be entrusted to cultivators who are not 
botanists. Natural affection, we have seen, induced a " botanist" so renowned 
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as Roxburgh to express this very view. The technical portion of the task 
no doubt can be so provided for. But, if exchanges of plants are to be of 
permanent value, there must be an assurance that the plants transmitted 
are preci^ly identified. This can only be obtained when the plants imported 
by a distributing centre where there is no " botanist," have come from a 
botanic garden; or where those despatched from such a centre are received 
by a botanic garden. It is also fair to admit that in certain European 
scientific circles it has at times been urged that the day of botanic garden 
exchanges of useful plants is over, and that now the work of the plant- 
breeder should replace that of the field-observer. But this is not claimed by 
the student of genetics, whose work is now|iere more highly valued than in a 
botanic garden. Nor is it claimed by those interested in plant-breeding and 
plant-importation in America, where the affection for XIXth century habits 
of thought, still characteristic of Europe, has died out. 

The records of the garden founded by the Government of Madras at Marmalon 
illustrate the conditions under which the" phytologist " who is not a" botanist" 
has to work. In 1786, the year in which the Calcutta Botanic Garden was 
founded. Dr. James Anderson happened to observe on a " Nopal" plant 
some cochineal insects. He did not know, and we may never learn, whether the 
insect he noticed was that which supplied the granasilvestris of commerce; it was 
clear to him that it was not the true cochineal which supplied the grana fina 
then in demand in the trade. Nor did Anderson know whether the " Nopal" 
on which he observed the insect was a plant on which the true cochineal could 
be raised. Anderson reported his observation to his Government, and through 
them recommended that steps be taken by the Court of Directors to introduce 
the true insect to India. The Court sought the help of the War Office and 
the President of the Royal Society: plants of the Cactus cocci, as the 
Opuntia required was then termed, were transmitted to Madras from 
Kew. Writing on February 19th, 1790, to the Governor of St. Helena, 
Anderson said: " Having recommended that the Honourable Court of 
Directors shall first introduce the genuine cochineal at St. Helena, from 
whence it may easily and certainly be forwarded here, I send you 
another box of Nopals by this opportunity of the ship Pigot." Again, 
on September 15th, 1790, Anderson wrote to the Governor: " Under¬ 
standing that Sir George Yonge, Secretary of War, is establishing cochineal 
insects at Antigua with a view to transporting them to this country, m 
consequence of my publications on that subject, I have forwarded a dozen 
more Nopal plants that you may have abundance in readiness for their 
reception." A letter of September 14th, 1790, asking Grovemment for authority 
to place these plants " on board the Houghton under the care of Capt. Munro," 
teUs us that the plants were " twelve Kew Nopals." In that letter Anderson 
adds: "You may acquaint the Honourable the Directors, from my own in¬ 
spection of the garden there [Marmalon], that it contains fifteen hundred 
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very thriving plants of the Kew Nopal, many of them in flower, which might, 
if necessary, be immediately multiplied into as many thousands." The 
plants reached St. Helena safely; another letter to the Governor of St. Helena, 
dated February 15th, 1791, says : I am favoured by this Government with 
your acknowledgment of the receipt of Nopal plants, which I have forwarded 
on different ships, and am happy to learn they are in so thriving a condition 
to supply an article of vegetable food for the inhabitants of St. Helena, for 
Covent Garden is not better supplied with asparagus than the markets of the 
kingdom of Mexico are supplied with the tender tops of Nopals which are 
every dky brought to table." 

One consequence of Anderson's publications regarding cochineal was that 
Bengal became as interested in this adventure as Madras. The first volume 
of the Calcutta Gazetteer, attractive to-day mainly for its newsletters from 
the seat of war in Mysore, and for its local advertisements, contains among 
the latter an intimation that a " Nepaulry " was for sale. It did not find 
a ready purchaser, for the notice had to be repeated with an assurance that 
the plants were ready to receive the insect. The speaker, in his early 
days in India, did not know what a " Nepaulry " was, and, so completely 
had the term disappeared, could obtain no information from more experienced 
friends. He wrote therefore to Sir George Birdwood, and. needless to say, 
had his difficulty cleared up by the return mail. 

At what date the insect reached Madras from St. Helena, the records do 
not say. Anderson, was grateful for the sympathetic help given him, but was 
then preoccupied with other duties, for he added, in writing to the Governor 
of St. Helena, who was also President of the Planters' Society there: 
" The importance of the war here prevents my writing to my Government, 
who have duties of a very different nature to expect from me at present, 

but you may acquaint the Society that’next year.it is my firm 

intention to shower the most choice productions of Asia upon their island." 

Thus, on February 15th, 1791, did Dr. James Anderson express the spirit 
that always has guided and, doubtless, always will inspire, those whose 
privilege it is to be connected with an Indian Government Botanic Garden. 


DISCUSSION. 

The Chairman (the Hon. Vicary Gibbs) said he was sure he would be expressing 
the views of those present when he moved a hearty vote of thanks to the lecturer 
for the very interesting lecture lie had given. There was nothing that impressed 
him more strongly than the way in which the lecturer had brought out the immense 
value to commerce that botanic gardens had been, during the lifetime of many who 
were present that afternoon. 

Sir Edward A. Gait, K.C.S.I., C.I.E. (Chairman of the Indian Section Committee), 
ih Seconding the motion, said that though it was more than 20 years since Sir 
David left India to take charge of the Royal Botanic Gardens at Kew, the splendid 
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work done by him in Calcutta was still well remembered by those resident there. 
He (Sir E. Gait) was not a botanist and was unable to speak of Sir David Drain's 
great professional qualificaticns, but, like many other old residents in Calcutta, he 
felt very grateful to Sir David and his predecessors for the great enjoyment which 
he had had at different times when, escaping from irksome official work, he had 
wandered about the well-kept gardens in Calcutta, and admiied the beautiful flowers. 
Eastern and Western, and the ornamental trees, plants and ferns which were there 
in profusion. The lecturer had complained that in the popular mind there was a 
tendency to confuse botanic gardens with public parks, but he thought Sir David 
and superintendents like him were very much to blame for that. Wliile there was 
a great deal in botanic gardens which nobody but a botanist could appreciate, there 
was so very much to admire in the masses of flowers and general decorative effect 
that the uninitiated were apt to forget that these things were mere accessories, and 
that the real object of the gardens was of a much more utilitarian character. It 
had come as a shock to him to hear that while Aristotle had formed what might 
fairly be called a botanic garden well over two thousand years ago, and while 
Montezuma could boast of two in Mexico at the time of the Spanish Conquest, 
botanic gardens founded by Europeans in modern times dated only from the i8th 
century. In recent times that deficiency had been made up, and there were now 
many botanic gardens which satisfied every scientific requirement. He thought 
that the lecturer might have dwelt, perhaps, a little more fully on the practical 
advantages—which were many—which h^ been derived from botanic gardens. 
Perhaps the reason for that was that the lecturer felt he had given as much as the 
audience could digest on one occasion, but he hoped that on a future occasion he 
would deal with that branch of the subject. 

The resolution was carried unanimously. 

Sir David Drain acknowledged the vote of thanks. 

Professor H, E. Armstrong, F.R.S., in proposing a vote of thanks to the Chair¬ 
man, said that Mr. Vicary Gibbs was well known to a large circle, particularly to 
those who visited the Horticultural Society. He had done a good work that day, 
but he (Professor Armstrong) was going to ask him to go a little further. The Royal 
Society of Arts had been fortunate in* capturing Sir David Drain to deliver the 
lecture. Unfortunately many people passed away without leaving behind them 
any account of the vast amount of knowledge that they could have given to the world; 
they did not take the trouble to put what they knew on record. He did not know 
any one who had a greater fund of important and interesting knowledge at his 
disposal than Sir David Drain, and he should like to ask the Chairman to increase 
the debt owing to him by the Society by securing the appointment of a small 
Committee, together with a grant from the Board of Industrial Research, to chain 
up Sir David Drain, perhaps with a stenographer, until he had delivered himself 
of the things that he knew. It was with that rider he asked the meetiAg to 
give its thanks to the Chairman of the evening. 

The motion was carried unanimously. 

The Chairman said it had been a great pleasure to him to take the Chair and 
give any small support he could to Sir David Drain, to whom he owed so much. 
He thanked the proposer of the resolution for the kind words he had used, but 
Prof. Armstrong had much overrated his (Mr. Gibbs's) powers if he thought he was 
able to shut Sir David Drain up until he had delivered to the world all he knew, 
because that would be sentencing his old friend to penal servitude for life. 
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OBITUARY. 

Charles Henry Wordingham, C.B.E., M.Inst.C.E., M.I.Mech.E.—Mr. C. H. 
Wordingham died at his residence at Redliill on January 28th. Born in 1866, 
he was educated at King's College School and King's College, London. On com¬ 
pleting his articles as a civil engineer with Dr. John Hopkinson, F.R.S., he joined 
the staff of the United Telephone Company. From 1889 to 1892 he was third 
engineer of the Grosvenor Gallery generating station of the London Electric Supply 
Corporation. In 1892 he returned to Dr. Hopkinson and acted as his assistant 
in erecting the Whitehaven and Manchester generation stations. From 1894 
to 1901 he was City Electrical Engineer to the Corporation of Manchester. In 
1903 1 m was appointed Director of Electrical Engineering to the Admiralty, and 
was responsible for the entire ehctrical equipment of all H.M. ships, and for 
advising on electric light and power questions in H.M. dockyards and shore 
establishments. This post he held until 1918, when he retired from the public 
service and was created a C.B.E. He then resumed practice as a consulting 
engineer, and was engaged in advising on large power electric supply schemes for 
London and the Midlands. 

Mr. Wordingham was a Past President of the Institution of Electrical Engineers, 
the Incorporated Municipal Electrical Association, the Junior Institution of 
Engineers, and the Illuminating Engineering Society. He was also President 
and Past Chairman of the British Electrical and Allied Industries Research 
Association, and one of the founders of the Electrical Development Association 
and of the Society of Radiographers. His publications included a work on Central 
Electrical Stations and numerous contributions to technical journals. He was 
elected a Fellow of the Royal Society of Arts in 1918. 

Colonel Malcolm Hart Crump. —Information has been received of the death 
of Colonel Malcolm H. Crump, which took place on January 13th, at Bowling Green, 
Kentucky, U.S.A., at the age of 75. 

Colonel Crump was bom in Culpepper County, Virginia, in 1849. He graduated 
at the Virginia Military Institute at Lexington, and in 1877 he accepted the chair 
of Science in Ogden College. While thus engaged he became interested in the 
scientific development of southern Kentucky. An engineer and geologist of 
considerable note, he was among the first to realise the value of the rock asphalt 
deposits in Kentucky. At one time he owned 3,000 acres in Edmondson county, 
now the property of the Kentucky Rock Asphalt Company, and he took a deep 
interest in the construction of asphalt roads. Formerly he commanded the Third 
Kentucky Regiment, and during the Spanish-American war he served on the staff 
of Colonel Castleman, with the rank of Lieut.-Colonel. 

He had been a Fellow of the Royal Society of Arts since 1911. 


GENERAL NOTES. 

St. Paul'^s Cathedral. —In conne.:ion with the recent celebration of the 
bicentenary of Sir Christopher Wren, the Royal Institute of British Architects 
published a book on Wren and his work (including St. Paul's Cathedral) written 
by contributors each intimately acquaint^ with the aspect with which he dealt. 
As the profits of the sale are devoted to the St. Paul's Preservation Fund, it is sug¬ 
gested that many might consider that a pleasant way to help the fund would be to 
obtain this attractive and well-illustrated record, of which the title is Sir Christo- 
pter Wren Memorial Volume : 1723-1923." The sale of only one thousand copies 
of tht five guineas edition would enable the R.I.B.A., to hand over a sum of 2,000 
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guineas, to be acknowledged in the Times list in the name of each purchaser as 
a subscriber of two guineas. The price is ^^5 5s. and orders, enclosing remittance, 
should be sent to The Librarian, R.I.B.A., 9, Conduit Street, London, W.x, 

Sulphur Deposits in Java.— ^The Government of the Netherlands East Indies 
is making some effort to have the sulphur deposits of Java utilised, and recently 
called for tenders for the working of the Kawah Poetih deposits. From a report 
published in the official “ Commerce Reports,** it appears tliat sulphur is obtained 
in various parts of Java, but, up to the present time, very little has been done 
toward working these deposits, owing to the difficulties that will have to be overcome 
to make it a profitable venture. Borings of the Kawah Poetih deposits were made 
in 1919 by order of the Netherlands Indian Government Mining Service, and it is 
reported that the quantity of sulphur-bearing deposits amounts to approximately 
1,000,000 tons, one-half of which is 60 per cent, pure sulphur, with an equal quantity 
of 20 per cent, purity, or a total of 400,000 tons of pure sulphur. There are several 
other sulphur areas in Java, some of which are being worked at the present time. 


MEETINGS OP OTHER SOCIETIES 
DURING THE ENSUING WEEK. 

Monday, February 9. .Geographical Society, 135, 
New Bond Street, W. 8.30 p.m. Mr. 
J. M. dc Navarro, “Ancient Trade 
Routes in Europe.” 

Victoria Institute, Central Hall, West¬ 
minster, S.W. 4.30 p.m. Prof. A. T. 
Clay, “ The Amaru.” 

Surveyors’ Institution, 12, Great George 
Street, S.W. 8 p.m. 

Electrical Engineers, Institution of. 
Savoy Plac.e, Victoria Embankment, 
W.C. 7 p.m. (Informal Meeting), 
Captain P. P. Eckersley, “ Broad¬ 
casting.” 

Metals, Institute of, (Scottish Section), 
39i Elmbank Crescent, Glasgow. 7.30 
p.m Mr. J. A. Gardner, “ Methods 
of Keeping Foundry Records.” 

Victoria League, 22, Eccleston Square, 
S.W. 5 p,m. Mr. R. H. Bailey, 
“ Communications of the Empire—the 
London ’Bus.” 

Economics and Political Science, London 
School of, Houghton Street, Aldwych, 
W.C. 5 p.m. Mr. E. B. Behrens, 
“ International Problems of Industry.” 
(Lecture I\0. 

Mc^anical Engineers, Institution of. 
Storey’s Gate, Westminster, S.W. 7 
p.m. (Graduates’Section), Mr. K. 
Rowell, “ Recent Developments in 
Solid Injection Oil-Engines.” 

University of London, University College, 
Gower Street, W.C. 5.30 p.m. Lieut.- 
Comdr. E. Sutton, “ Buddhism.” 
(Lecture I). 

At King’s College, Strand W.C. 5 p.m. 
Dr. J. A. Hewitt, “ Carlmhydrate 
Metabolism.” (Lectxire' IV). 

5.30 p.m. Rev. C. F. Rogers, 
“ Ecclesiastical Music.” (Lecture 111). 
5.30 p.m. Mr, S. Smith, The Nature 
and Influence of Babylonian Literature.” 
Transport, Institute of (Midland Section), 
Chamber of Commerce, Birmingham. 
6 p.ni. Mr. T. H. Shipley, “ ElMtric 
Trudk Working.” 

Tuesday, February 10. .Automobile Engineers, 
Institution of, at the Royal Society 


of Arts, John Street, Adelphi, W.C. 
7 p.m. Mr. F. G. woollard, “ Some 
Notes on British Methods of Continuous 
I’roduction.” 

Royal Institution, Albemarle Street, W. 
5.15 p.m. Prof J. Barcroft, “The 
Colour of the Animal Creation.” 
(l^ture I). “ Man.” 

Colonial Institute, Hotel Victoria, 
Northumberland Avenue, W.C. 8.30 
p.m. The Rt. Hon. L. S. Amen’, “ The 
Economic Development of the Empire.” 
Anthropological Institute, 50, Great 
Russell Street, W.C. 8.15 p.m. 

Civil Engineers, Institution of, Great 
George Street, W.C. 6 p.m. 
Automobile Engineers, Institution of, 
Broadgate Caft, Coventry. 7 -i 5 P-*n. 
Mr. G. H. Day, “ Aluminium and its 
Alloys.” (Graduates' Section). 

Marine Engineers, Institute of, 85, The 
Minorics, E. 6.30 p.m. President’s 
Address. 

Asiatic Society, 74, Grosvenor Street, W. 

4.30 p.m. Mrs. Ayscough, “ Chinese 
Memorial Temples.” 

Sanitary Institute, 90, Buckingham Palace 
Road, S.W. 6 p.m. Major-Gen. Sir 
Wilfred Beveridge, “ Food and Health.” 
Electrical Engineers, Institution of, 
(Scottish Centre), 207, Bath Street, 
Glasgow, 7.30 p.m. Mr. H. W. Taylor, 
“ Three-Wire Direct-Current Distribu¬ 
tion Networks. Some Comparison in 
Cost and Operation.” 

(North Midlmd Centre), Hotel Metropole, 
King Street, Leeds. 7 p.m. Discussion 
on “ Domestic Electrical Apparatus.” 
(East Midland Sub-Centre), The (S>llege^- 
Loughborough. 6.45 p.m. Mr. S. 
Ferguson, “ A General Survey of the 
HigVTension Switchgear Field.” 
Univdrsity of London, University Coilege» 
Gown Street, W.C. 5.30 pjn. Mn 
N. H. Baynes, “ Some Aspects of 
Byzantine Civilisation.” (Lecture II). 

5.30 p.m. Dr. C. F. Sonntag, “ Man’s 
Place in Nature.” 

At King's College, Strand, W.C. 3.30 
pjn. Dr. E. Bevan, “ The Hebrew and 
Greek Idea of God, with special reference 
to PhUo of Alexandria.” 
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At the Institute of Historical Research, 
Malet Street, W.C. 5.30 p.m. Sir 
Bernard Pares, ** Contemporary Russia 
from x86i." (Lecture iV). 

At the Middlesex Hospital Medical 
School, Cleveland Street, W. 5 p.m. 
Mr. E. C. Dodds, “The Chemistry of 
the Internal Secretions." (Lecture Ill). 

Photographic Society, 35, Russell Square, 
W.C. 7 p.m. Meeting of Scientific 
and Technical Group. 

Transport, Institute of graduates' Section), 
at the Institution of Electrical Engineers, 
Savoy Place, Victoria Embanlcment, 
W.C. 3.30 p.m. Mr. H. C. T. Bell, 
“ Inward Traffic Working at a large 
Goods Station." 


WsDKBSOi^ February 11.. Oriental Studies, School 
of, London Institution, Finsbury Cirrus, 
E.C. s.ts p.m. Mr. E. Richmond, 
“ Early Kioslem Architecture." (Lecture 

Economics and Political Science, I^ndon 
School of, Houghton Street, Aldwvch, 
W.C. 5 p.m.^r. J. Adams, “ The 
Principles of Design as applied to 
Pots and Pans." 

University of London, University College, 
Gower Street, W.C. 5.30 p.m. Mr. I. C. 
Grdndahl, “ Nature Feeling in Norwegian 
Literature after Weigeland." (Lecture 1 ). 
5.30 p.m. Mr. C. R. Sanderson, 

‘ Library Resources of London." 

6 p.m. Mr. H. Higgs, “ The Financial 
Problems of Europe." (Lecture IV). 
" Italy and Belgium." 

At King's Collie, Strand, W.C. 3.30 
p.m. Sir Thomas Arnold, “ Travel and 
Travellers of the Mid^e Ages:—Arab 
Travellers and Merchants, A.D. iooo<* 
1300.” 

Transport, Institute of (North Western 
Section). Manchester. 5.30 p.m. Mr. 
C. Travis, “ Railways East of Suez." 
Heating and Ventilating Engineers, 
Institution of, at the Old Colony Club, 
Aldwych House, Aldwych, W.C. 2.3<» 
p.m. X. Annual General Meeting. 
Presidential Address by Mr. A. A. Jones. 
2. Mr. A. H. Barker, “ {nsettled 
Questions in Heating and Ventilation." 


Thursday, February x2.. Royal Society, Burlington 
House, Piccadilly, W. 4.30 p.m. 
Antiquaries, Society of, Burlington House, 
Piccadilly, W. 8.30 p.m. 
Embroiderers' Guild, at the Victoria and 
Albert Museum, South Kensington, 
S.W. 6 p.m. Mr. A. J. B. Wace, 
“ Greek Embroideries." 

Royal Institution. Albermarle Street. 
W. 3.X3 p.m. Prof. Sir William Bragg. 
“ The Properties and Structure of 
Quartz.” (Lecture III). 

Mechanical Engineers, Institution of, 
(North Western Branch),at the Engineers’ 
Chib, Albert Square, Manchester. 7.13 
p.m. Messrs. L. S. Latham and C. F. 
Lloyd. “ Recent Developments of the 
Two-Stredee Cycle Heavy-Oil Engine." 
Aeronautical Society, 7, Albemarle Street. 
W. 3.30 pan. Colonel F. Searle, “ The 
Maintenance of Commercial Air Craft." 
Textile Institute, 38, Bloomsbury Square, 
W.C. 5.43 p.m. 


Historical Society, 22, Russell Square, 
W.C. 3 pjn. Anniversary Meeting. 
Address by the President. Hop. J. W. 
Fbrtescue. 





Electrical Engineers, InstituUon of, 
(Irish Centre), Trinity College, Dublin. 
7.45 pm. Mr. J. H. Shaw/ "The 
Seirices of the Electrical Engineer in the 
Post Office." 

(Dundee Sub-Centre), University College, 
Dundee. 7.30 p.m. Prof. A. R. Fulton. 
“ The Util&ation of Tides for the 
Production of Power." 

University of Londom Uniyersity College, 
Gower Street, W.C. 3.X3 p.m. Prof. 
J. £. G. de Montmorency, “ African 
Customary Law, with speciri reference 
to Early Egyptian Law.’^ (Lecture IV). 
At King's College, Strand, W.C. 3.30 
pjn. Prof. W. E. Toothlll, “China's 
Contribution to Western Civilisation." 

3 p.m. Dr. R. B. McKerrow, “ Biblio¬ 
graphical Notes for Students of English 
Literature." (Lecture 11 ). 

6.30 p.m. Prof. O. Vocadlo, “ Czech 
Civilisation." (Lecture V). 

At the Middles^ Hospital Medical 
School, Cleveland Street, W. 3 pjn. 
Mr. E. C. Dodds, “ The Chemistry of 
the Internal Secretions." (Lecture IV). 
At the Institute of Historic Research) 
Malet Street, W.C. 3.30 plm. Prince 
D. S. Mirsky, “ Russian Literature in 
the Second Half of the Nineteenth 
Century." (Lecture IV). 


Frida vJfcBRUARV 13. .Royal Institution, Albemarle 
Street, W. 9 p.m. Dr. Mfl^owski, 
“ The Forces of Law and Order in a 
Primitive Community." 

Astronomical Society, Burlington House, 
Piccadilly, W. 5 p.m. Anniversary. 
Malacological Society, at the Linnean 
Society, Burlington House, Piccadilly, 

W. 6 p.m. 

Engineers, Junior Institution of, 39, 
Victoria Street, S.W. 7.30 p.m. 
Mechanical Engineers, Institution of. 
Storey’s Gate, Westminster, S.W. 7 
p.m. (informri Meeting.) Discussion 
on Gear Production Machinery." 
Metals, Institute of (Local Srotion), at 
the Sheffield Metallurgical Association, 
198, West Street, Sheffield. 7.30 p.m. 
Dr. C. H. Lander, “ Fuel and Its 
Efficient Utilisation." 

(Local Centre), at the University College, 
Singleton Park, Swansea. 7.x 3 p.m. 
Dr. H. Moore, “ Season Cracking and 
its Prevention.” 

University of. London, King’s College, 
Strand, W.C. 3.30 p.m. Prof. E. 
Prestage, “ Vasco da Gama and the 
Discovery of the Sea Route to India." 
3-30 p.m. Mr. N. B. Jopson, “The 
Early History of the Slavs." (Lecture II). 
Plmical Society, at the Imperial College of 
Science, South Kensington, S.W. 3 p.m. 

X. Annual General Meeting, a. Mr.F.E. 
Smith (President), Address on “ A system 
of Electrical Measurements." 

Ph^^ltaphic Socie^, 3^ Square 

" Concerning Children and Photography.'* 
Textile Institute (Lan c ashire Swtkm), 
Burnley. 7.30 p.m. Mr. C. Wilbraham, 
Preparation of Coloured Warp Yarn." 

Saturday, February 14.. Royal Institution, Albe¬ 
marle Street, W. 3 p.m. Prof. W. 
Rothiptcin. “The Artist's Relation 
to SocW and Religious Ufe." (Lecture I). 
Lomlon County Council, at the* Hotniman 
Museum, Forest Hill, S.W. 3.30 p.m.< 
"Natural iHstory in 

Folk Lore." 

Instate of, at the Institute of 
Marine Bngiiieerk 85, The Minocies, 
E- 7.30^ pza. Mr. V. C. Faulkner. 
Some Notes 00 Refractory Blaterials.’^ 
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All communications for the Society should be addressed to the Secretary, John Street, 
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NOTICES. 

NEXT WEEK. 

Monday, February T6th, at 8 p.m. (Cantor Lecture.) Walter Rosen- 
HAiN, D.Sc., F.R.S., Superintendent of the Department ol Metallurgy and 
Metallurgical Chemistry at the National Physical Laboratory, “The Inner 
Structure of Alloys." (Lecture I.) 

Wednesday, February i8th, at 8 p.m. (Ordinary Meeting.) J. S. 
Owens, M.D., Assoc.M.Inst.C.E., F.G.S., Superintendent, Advisory Committee 
on Atmospheric Pollution, Air Ministry, Meteorological Office, " Modem 
Atmospheric Conditions." Sir Napier Shaw, LL.D., Sc.D., F.R.S., will 
preside. 


NINTH ORDINARY MEETING. 

Wednesday, February 4th, 1925 ; Mr. Alan A. Campbell Swinton, 
F.R.S., late Chairman of Council, in the Chair. 

The following Candidates were proposed for election as Fellows of the 
Society:— 

Andrews, Gerald Willoughby, London. 

Biles, Sir John Harvard, K.C.I.E., LL.D., D.Sc., M.Inst.C.E., London. 
Cohen, Sir Herbert Benjamin, Bt., O.B.E., London. 

Collin, James B., London. 

Crow, William Roberts, London. 

Daniel, W. John, Trivandrum, India. 

Nelson, Horatio White way, Bradford, Yorks. 

North, William James, Watford, Herts. 

The following Candidates were duly elected Fellows of the Society:— 

Artis, Cecil Randolph,' Norwich. 

Atkinson, Llewelyn B., M.I.E.E., London. 

Cunnew, George Arthur, London. 

Day, Wilfred Ernest Lytton, London. 

Fazl, Dr. Sheikh Abul, Ph.D., LL.D., Kapurthala, India. 
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Forbes, G. A., Kingston, Jamaica, British West Indies. 

Herbert, Desmond A., Brisbane, Australia. 

Jones, Owen, Melbourne, Australia. 

Lawton, Charles Henry, Warminster, Wilts. 

Marshall, F. K., Bombay, India. 

Napp, Hermann Richard, London. 

Powell, Charles Henry, London. 

Sen, Lalit Mohan, London. 

Stokes, Henry Gordon, Harrow. 

Thomas, Major George Frederick, M.C., Tunbridge Wells. 

Williamson, William James, London. 

The eighth annual Trueman Wood Lecture on The Stability of Atoms ” 
was delivered by Sir Ernest Rutherford, O.M., D.Sc., F.R.S. 

The lecture will be published in a subsequent number of the Journal. 


INDIAN SECTION. 

Friday, February 6th, 1925; Sir Edward A. Gait, K.C.S.L, C.I.E., 
Ph.D., in the Chair. 

A paper on “ Population Problems frdm the Indian Census,'" by Mr. J. T. 
Marten, M.A., I.C.S., was read by Mr. H. R. Crosthwaite, C.I.E., C.B.E 
The paper and discussion will be published in a subsequent number of the 
Journal. 


PROCEEDINGS OF THE SOCIETY. 

SEVENTH ORDINARY MEETING. 

Wednesday, January 2ist, 1925. 

Sir Herbert Jackson, K.B.E., F.R.S., a Vice-President of the Society, 

in the Chair. 

The paper read was :— 

IRISH GLASS, OLD AND NEW. 

By Mrs. Graydon-Stannus. 

Part I. 

The history of Irish glass, like that of so many other arts connected with the 
' Ould Country," is a record of wonderful artistic success combined with finan¬ 
cial failure. Unfortunately, the earliest records of the industry are lost 
and it is impossible to speak definitely of the existence of glass houses in Ireland 
prior to the i6th century. On the other hand there are many old documents 
in existence which refer to" Glass Workers " and so make it extremely probable 
that such factories did exist, but these documents often consist merely of an 
old account.or a receipt relating to work done, and may use the word "Glass- 
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worker *' when they mean a glazier, and such evidence therefore does not 
establish the fact beyond dispute. However, at the end of the i6th century 
there undoubtedly was a factory (or " Glass House ") erected in County Cork, 
in all probability at a spot which even to-day is known as Glasshouse and 
is not far from Curryglass. From that time onwards there are ample evidences 
of glass houses having been erected in various parts of the country, but in the 
earliest days of the industry it is extremely difficult to say definitely what 
particular type of glass any individual factory produced. 

When we come to the year 1630 (or thereabouts) we find ourselves on surer 
ground, as about this time glas& was being made on a large scale in Dublin, and 
that city remained famous for its productions from that date right up to 1896. 
One of its most noted factories, known as the Round Glass House, was in 1729 
and onwards producing really choice specimens, such as dessert dishes (^^ath 
handles and feet), bowls and goblets, &c., of the most artistic designs and 
wonderful workmanship. Very beautiful glass, too, was made in Marlborough 
Street from 1771 onwards by a firm named Williams, who specialised in 
chandeliers, candlesticks, bowls, decanters, bottles and even bells. A number 
of factories were afterwards opened which produced every kind of white and 
coloured glass associated with Ireland. Many fine specimens still exist and 
mention must be made of Pugh's productions which, though rather late from the 
collector's point of view are deserving of the highest praise from an artistic 
standpoint. He was noted for his lustre cutting and his moulded pieces, 
many of which were very quaint, strongly resembling Bristol but rather heavier 
in metal and darker in tone. Mention of Bristol reminds me that many of the 
finest English craftsmen from Bristol, Stourbridge and other places migrated 
to Ireland when glass-making was flourishing there. 

Before, however, we consider the variations in colour, texture, &c., between 
the different makes iff Irish glass, I think we had better pay a fleeting visit to 
the various localities in Ireland where glass was produced in large quantities. 

A factory at Ballycastle in Antrim flourished from 1755 to 1790, its output 
consisting of bottles, heavy rummers and various kinds of coarse glass of the 
useful but non-decorative variety. 

Belfast figures very largely in the list of glass producing towns and was in the 
forefront from circa 1781 to 1870. It was noted for fine flint glass of heavy 
character but, so far as my experience goes, white in colour as compared with 
other Irish products. The cutting of Belfast glass was ornate and deep, and 
engraving was largely indulged in. It should be noted that glass was sent to 
Belfast from other parts of Ireland to be decorated, and there is no doubt 
that foreign engravers were employed there. Very fine candlesticks and lustres 
were made by a firm named McDowell, mostly of Georgian and Adam 
designs. 

We now return to Cork which was one of the most famous of all Iqsh glas 
centres. 
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As I mentioned just now, records show definitely that a glass house existed 
in Cork, in the i6th century, but it is impossible to find out what t37pe of glass 
was made there at that date. In dealing with questions of output, therefore, 
we can only cover a period extending from circa 1782 to 1844, during which 
time some of the most beautiful glass was manufactured. Here again, engraving 
was practised and some of the finest gilding was done in Cork. It produced 
finely cut glass of every description and was famous for rummers and decanters, 
of both heavy and light varieties. There are still many of the latter in existence 
and a few of them are marked pieces which place their identity beyond all 
dispute. These are impressed on the bottom, the most usual markings being 

Cork ulass Co.” and " Waterloo Co., Cork.” Such marked pieces are, of 
course, greatly sought after by collectors, and are very valuable. I have 
several in my possession, and have brought one or two to-night for you to see. 

I have also brought a card of membership of the Cork Glass Cutters' Union 
which is of considerable interest. It is, unfortunately, not dated, but it has the 
name Donovan on it as being the printer, and exhaustive enquiries in Cork 
have shewn that there has been no printer of that name there for somewhere 
about 90 years. This fact adds largely to our interest in this card. Apart 
from the fact that a trades' union existed in Cork 90 years ago, this card shows 
us some types of glass produced there, and to my mind proves, beyond dispute, 
that heavy lustre cutting was done in Cork though there are experts who will 
tell you that that was a Dublin speciality. If lustre or ” pillar ” cutting was 
not one of their sjxjcialities, why should they have made a point of reproducing 
it on their trade card ? 

Cork was also famous for its engraving, particularly on blown glass, while 
after 1800 whole dessert services of beautiful colour, and in a great variety 
of cuttings, were produced, and many are still in existence, though naturally 
incomplete or made up with Irish glass of later dates. 

In lyji a glasshouse was opened at Drumrea, not far from Dungannon, which 
specialised in coloured ware—usually known as ” Dungannon” glass. It also 
produced clear glass which was very similar in appearance to Cork, but rather 
whiter. Its finest coloured products were in green and amber, and comprised 
bottles, wines, jelly glasses, epergnes arid drops for candelabra and chandeliers. 
Here I may mention that most of the chandelier drops were made in England. 

Newry flourished as a glass centre from 1790 to 1847 and specialised in table 
glass generally of the heavy varieties, both plain and cut. Most of the Newry 
output was flint glass. One of the earliest glasshouses in Ireland was built on 
the Stannus property in Portarlington in 1670, but very little is known of its 
particular productions, and it soon closed down for lack of financial support. 
If I had been alive then I think its history would have been very different. 

I am afraid that is very egotistical, but if one can run a glass house successfully 
in these days in the face of trades' unions. Socialist governments, rings, factory 
inspectors and other difficulties, I cannot help thinking that our ancestors who 



Feh. 13, 1926. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


295 


paid wages of anything from 6s. to los. a week were living in a manufacturer's 
paradise—only they did not know it. 

It was the sort of Heaven we glass manufacturers hope to go to when we die. 
The heat of the other place will have no terrors for us. 

We still have a tumbler in our possession which was made at Portarlington, 
and I believe some wine glasses still exist, but beyond that I cannot say what 
particular types of glass the factory was responsible for. 

Now we come to the most discussed and most famous of all Irish glass 
districts, namely, Waterford. It is a peculiar fact that the name Waterford 
has become imbedded in the public imagination to such an extent that very 
many people on hearing a reference to Irish glas«?, say at once, Oh, you mean 
Waterford,'* and are quite surprised to hear that there were other Irish factories 
as well. It is certain that not more than two or three per cent, of the glass sold 
as Waterford is genuine and very little of it is even Irish. But on the other 
hand, it is none the less certain that very large quantities of the most beautiful 
glass was made there. It was, in fact, more largely exported than other types, 
and this in itself is one reason why it has been so extensively faked. TTiere 
is ample evidence of large and continuous consignments of Waterford glass 
having been dispatched to such places and countries as New York, Newfound¬ 
land, Pennsylvania, Barbados, Madeira and the West Indies, to say nothing 
of France, Spain, Italy, Holland and elsewhere and there is little doubt 
in my mind that most of the fakes sold in this country come from Holland 
—copies from originals in Dutch posse.ssion. The Waterford factories flourished 
from 1729 to 1852, with an interval from 1750 to 1780, when the principal 
works were temporarily closed. All kinds of useful and ornamental glass were 
made at Waterford, though it is probably most justly famous for its candelabra, 
chandeliers and its boat shaped and turn-over or helmet bowls, whilst here 
again, whole dessert services were produced. It is interesting to note, that 
in my extensive Continental rambles, I have found some of the best specimens 
of Waterford glass in France. The finest period of manufacture was just after 
1780 when the works reopened and the glass was then at its best as regards 
colour. About 1815 a great deal of heavy step cutting was done at Waterford, 
but after 1820 the glass began to lose its characteristic colour and certainly 
became much whiter. 

Having completed our tour of the factories I now propose to deal with the 
characteristics of Irish glass in general as compared with contemporary English 
productions and foreign and modern fakes of all kinds. 

These characteristics can be grouped imder the headings of weight, colour, 
resilience, ring and touch, and we will deal with them in that order, starting 
with " weight." 

Irish glass, except for the blown varieties, is unusually. heavy, particularly 
the early specimens, and that feature is one of our greatest aids when deciding 
the genuineness of a certain piece. The blown glass as often found in decanters. 
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is, on the other hand, extremely light, but we are helped by the knowledge that 
these blown pieces in Ireland were hardly ever cut, but either engraved or 
left perfectly plain, as you will see by these marked Cork blown decanters 
which I have on show. The engraving is very characteristic and it really varies 
very little on such pieces, which can be readily recognised and placed. If 
you examine these decanters carefully and mepiorise the style of engraving, 
combined with the misty grey colour, you will be able to pick out a Cork decanter 
from others when next you see a collection. Similar types of foreign manu¬ 
facture are frequently marred by sand specks, which are very seldom seen in 
Irish gla^, though air bubbles are often taken for sand specks by the uninitiated. 
It is important to remember that sand specks are quite opaque, while air bubbles 
however minute, are transparent, though it may require a magnifying glass to 
decide the question. However, the chief point to remember is that apart 
from blown specimens of that type, Irish glass is heavier than its competitors. 

We now turn to the great question of colour. 

All old Irish glass has a peculiar depth of tone, best described as a steel or 
grey blue, but the early Cork, Waterford and Dublin are particularly dis¬ 
tinguishable by this quality. The cause of this grey tone is unknown, but 
it was probably due to some impurity in the lead used. Countless efforts hav 
since been made to reproduce it but have been entirely unsuccessful. I myself 
have carried out the most exhaustive experiments and have made pot after 
pot from the old recipes in my possession, and Mr. Westropp's, but the results, 
though of intense interest, only produced a clear white glass. 

I have also made analyses of several old bits, and manufactured glass in 
strict accordance therewith, but the result was always the same—a clear white 
glass. 

I cannot say I am sorry I failed as no lover of Old Irish Glass could be pleased 
to hear that a piece could be made to-day indistinguishable from the old. 
Having, however, failed in those experiments I turned my attention to melting 
down genuine old pieces of very dark colour and on re-casting these I found 
that they retained most of their lovely and elusive tone in nearly every case. 

I will pass round a piece which has retained its colour splendidly, but it has, 
of course, all the brightness of new glass, the softening film of time having 
vanished in the melting pot. 

There is very little difference in the tone of early Dublin, early Waterford 
and early Cork glass except that the latter has sometimes, but not always, a 
yellowish tinge which is quite foreign to the other two, and of the three I should 
say that Dublin glass was darker and heavier. 

In my humble opinion a great deal of harm has been and is being done by 
some people who take every opportunity of stating in print and in conversation 
that Waterford glass was in reality white and the well-known grey-blue colour 
is a myth. To this I always say: "Examine marked pieces, visit the Dublin 
Museum, and go carefully through celebrated collections." There is no doubt 
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that Mr. Westropp, of the Dublin Museum, says Waterford was whiter than 
other Irish glass. It certainly was after 1820 and at all times was whiter and 
clearer than Dublin, the early specimens of which are often nearly black. In 
my opinion a great deal of the fine dark glass attributed to Waterford is in 
redity Dublin. To illustrate my point I have brought some unique specimens 
(family pieces), which are known to be Dublin, and if placed on the market 
to-day would undoubtedly be classified as Waterford. 

Surely the safest ground to be on is to examine marked pieces of Waterford, 
which cannot lie. I have here a decanter marked “ Penrose, Waterford," 
wriich is a lovely colour and very many such pieces have passed through my 
hands. I think Mr. Westropp's opinion is largely based on a letter written in 
1832 by Elizabeth Walpole to an Englishman named Eardley, who had stated 
tihat all the Irish glass he had ever seen was dark coloured. Mrs. Walpole says 
she is sending him some Waterford," so that he can see for himself," which 
presumably means, see for himself that he was mistaken. Now, that letter was 
written in 1832. and there is no doubt that at that date, Waterford glass was 
much whiter. But this letter absolutely proves Irish glass was much darker 
than English. I believe all glass makers were even then, as now, striving to 
achieve a clear crystal-like glass, which is really what we mean when we talk 
of " white " glass. But, it should be borne in mind, that the Penrose period 
was in the 1780's and that is the time when the finest pieces of Waterford were 
made. 

A few years ago I had the privilege of examining the collection of Waterford 
glass in Mr. Penrose's possession which originally belonged to his grandfather, 
who owned the glasshouse there. It was quite an education, and what struck 
one very forcibly was the colour of these beautiful pieces, which greatly 
resembled old Rose paste. 

It is, of course, easily understood why a certain section of the community has 
seized on the idea that Waterford glass was white. If certain people have a lot 
of white glass which they wish to sell to Americans and others as Waterford, it 
is nice to be able to say " Oh, yes, Waterford glass was really white, you know, 
not a dark colour." 

Now, the faker of Irish glass, although he fails to produce the grey tone we 
have spoken of, is a very enterprising gentleman, with a vivid imagination, so 
he turns out a variety of blues and greens to suit the taste of amateur collectors 
who have a very hazy idea of what they are really looking for. Cobalt figures 
largely in these productions, and a peculiar grey green which, I think, is one of 
the best swindles on the market. I will now pass round some fakes which have 
various peculiarities. 

A few years ago, when the boom in Irish glass was at its height, the market was 
suddenly flooded with very shallow heavy bowls of dark colour, many of them 
of an unpleasant green shade but all bearing the appearance of age. they were 
badly engraved with trees, hounds and huntsmen, etc., and fetched good prices. 
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What puzzled me was that they had obviously to an expert eye all been cut 
down, the tops not having been sheared, nor had they a fire finish; moreover, they 
were common bottleglass. It took some time to solve this fake Toblem You 
have probably all seen at one time or another those quaint old siphons consis¬ 
ting of two large globes which were nearly all made from a coarse dark glass. 
Well, some enterprising person bought all the siphons he could get hold of at 
a very low price, cut the bottom in two, had them carefully engraved with 
hunting scenes and sold them as old Irish bowls. On one occasion I was proudly 
told that the bowl shown me was engraved by Edwards of Belfast fame. 

To reAim to the question of colour, I have never yet found any trace of 
cobalt in genuine Irish glass and I believe Mr. Westropp has come to the same 
concliision. Nor have I ever discovered oxide of copper or iron which, if 
present, could produce a green tinge. Of course, in this statement I am not 
referring to green coloured glass but to white glass with a greenish tone. Here, 
a slight digression may be of interest. Not long ago, in making my modem 
glass, I had pot alter pot of what should have been brilliant white crystal glass, 
all spoilt by a green tint. This was eventually traced to the fact that the sand, 
after washing, was left in a shed with a leaky galvanized iron roof, and some 
rusty water fell into the sand. Those few drops were quite sufficient to cause 
the trouble, as this defect is due to the presence of iron. 

Before leaving the question of colour, we will spend a few moments on that 
most interesting phenomenon—the ** bloom which is frequently found on 
early Irish glass. Probably, some scientist present this evening can give us 
the technical explanation of this peculiarity. All I can do is to state that one 
often finds on old pieces a soft bloom rather like the bloom on grapes which 
covers the surface of the glass and which, if cleaned off, will invariably return. 
It must not be confused with the milkiness often found in old decanters. It 
certainly adds greatly to the charm of old pieces, and I believe it is due to atmos¬ 
pheric action on impure lead in the glass. 

We will now turn to the question of resilience. 

There is no doubt that Irish glass is tougher, stronger and more flexible than 
English; hence its wonderful survival. It takes a severe blow to break it or 
even chip it, and I have dropped pieces on the floor, before now, which have 
not suffered in any way as a consequence. 

With regard to the question of the touch or feel of Irish glass, we find that it 
is never harsh or cold, but has a definite warmth and softness, quite i's own. 
But it naturally requires great experience before such a test can be applied with 
any degree of accuracy in cases where both specimens of glass being tested aie 
of similar quality and age, one being English and one Irish. The best simile 
I can give you is the difference between hard paste and soft paste in china. 

We now come to the ring or sound produced on striking an Irish bowl. As 
compared with English glass it has a distinct note of its own, which, perhaps, is 
more accuratdy described as a vibration between two or three tones which is 



Feh. 13 . i 9 tB. JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


299 


given forth with a throbbing effect. The ring of English glass is best described 
as being clearer, brighter and sharper; this test can be proved by striking any 
. piece so shaped that it will ring, but naturally no one would expect a salt cellar 
or a very thick piece of metal to answer to this treatment. 

No paper on this subject would be complete without some reference to the 
cutting of Irish glass. Speaking generally, we can say that the older the glass 
the softer and lighter the cutting. Heavily cut pieces are of latish date and 
I have never found an early piece with hobnail cutting on it. 

We will now have some types ot cutting thrown on the screen, and I will 
try to describe them clearly. 

Before I conclude the first part of my paper, I should like to refer to a matter 
which is of great importance to the antique trade of this country, and that is 
the difficulty of getting genuine pieces of old glass which have been sold to 
Americans, passed by the American Board of Customs as antique and therefore 
duty free. We all know how great the difficulties of the Customs are and how 
much trash has been imported into America in the past as genuine antique, 
but there should be some means agreed upon between the American Customs 
Board and some authority in this country by which the proved authenticity of 
an antique (glass or otherwise) would be accepted by the former. I say ‘*some 
authority in this country as I do not know whether it should be done by the 
Board of Trade, the British Chamber of Commerce, the Federation of British 
Industries or the Royal Society of Arts. I do not, for one moment, suggest 
that because 1 state that a piece of glass is antique, the American Customs 
should at once agree, but 1 do say that there should be some machinery set 
up by which a seller of an antique in this country should be able to satisfy the 
Customs on the other side as to its genuineness. That is not so to-day. If 
the Customs once turn down a piece there is no effective court of appeal, and 
I think that one of the bodies I have mentioned should be able to appoint, say, 
three experts whose decision would be accepted by America. This applies to all 
antiques—not only to glass. 

When I started making modern glass the Press were very kind to me, and 
referred more or less freely to my new enterprise. Unfortunately, in their 
enthusiasm, some of them said I was now making replicas of Waterford glass,, 
and this statement was copied in the American Press, with two interesting 
results. The first was that several really rare pieces of glass I have since sent 
out there have been turned down as modem, including those two beautiful 
bowls you see here and those candlesticks. 

The other result was equally interesting, and much more amusing. I had; 
a call from an enterprising American gentleman, who said he heard I had dis¬ 
covered how to make. Waterford glass and he was prepared to buy at my price. 
That, of course, shows that the American Customs have to be careful, but they 
should not have the power of classifying genuine historic antiques as modem. 
A recent case of importance centred round the famous candelabra of Brocket 
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Hall, which were purchased at a high price at public auction by our well-known 
dealer, Mr. Rochelle Thomas, and were turned down by the American Customs, 
although known to most of the collectors in this country. I am hoping that the 
Royal Society of Arts may perhaps see its way to take up this important 
question. 

In conclusion I should like to say that I am very grateful to Mr. Dudley 
Westropp for the tireless energy he has put into his investigations and for all 
the invaluable data he has collected for our benefit. I am sure all glass lovers 
will echo my thanks to him. 

' Part II. 

We now come to the second part of my paper, which I see is described as 
"New Irish Glass." I am not quite sure that this is not rather misleading, as 
it may convey the impression that my modem glass is made in Ireland. It 
is, in fact, made in London, and its only right to be described as " Irish " is 
that it is manufactured from old Irish recipes by Irishmen, and I, myself, am, 
of course, Irish too. Apart from that and the fact that when things go wrong 
in the factory—a not uncommon occurrence in glasshouses I believe—I abuse 
the men in a flood of Irish denunciation in a rich brogue; there is no other con¬ 
nexion whatever between mrv" glass and the Quid Country. 

• I believe I have been honoured tonight by the presence of a number of glass 
manufacturers. Some of them have spent their lives in the art, whereas I have 
been at it for a very short time only, so they will, I hope, understand that I do 
not expect to add to their knowledge, but, as co-workers in a great industry, my 
experience as a beginner may possibly interest them. It has always appeared 
to me that there is a sameness in the designs and cuttings of modem glass, and 
nothing has given me more pleasure than the enterprise of the Royal Society 
of Arts in organising competitions with the object of discovering new designs and 
ideas. I sincerely hope that these comjjetitions will achieve the success they 
deserve, not so much from the point of view of the number of entrants but the 
result of their labours. Personally, I am always striving to produce something 
new in design, the recipes I work on. being the only old part of my little 
enterprise. 

My endeavour is to create not to copy. 

First and foremost, it must be understood that all the glass turned out by my 
house is entirely hand-made from start to finish. I have no machinery of any kind 
in the place but am the fortunate possessor of some very fine old moulds which 
have become smoothed or softened by years of use. Nothing kills individuality - 
in an artist so much as machinery, and there is no doubt that the men who have 
made the pieces you see here this evening are artists. I realise that there may 
be some of you to whom this glass will make no appeal. It is difficult to believe 
that an admirer oi the highly cut glass one sees in the shops to-day could possibly 
like these productions also. However, there is room for both types, my point 
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being that the demand for my glass clearly shows that I am producing something 
which is wanted. 

I will now ask the operator to throw on the screen a series of slides taken from 
very old drawings showing some of the processes of glass making in a factory 
confined to hand work only, and very primitive at that. It may surprise you 
to learn that my little glasshouse is even more primitive. 

As soon as the first pieces produced in my factory were ready I showed them 
to my client^e for old Irish glass, and I found that they had ideas of their own 
of the sort of piece they would like to buy. I therefore set to work to give effect 
to their requirements, and a week after they had asked for a dessert service or a 
set of candlesticks, I delivered the goods. Now to that extent I have, of course, 
a great advantage over big manufacturers whose organisation would often be 
upset by a special order. Naturally a big factory turning out thousands of 
vases or wines, or whatever it is, all to one pattern must work on a basis of 
standardisation not only of plant but of men, each man knowing his own 
particular job. That is quite understandable. But my little business is very 
different. I do not standardise anything. In fact, I encourage my men to use 
their own ideas and make things for themselves. They are not always successful, 
but it is really astonishing to see what artistic ideas are latent in the minds of 
our workpeople and to what heights they can on occasion rise. That, of course, 
is what our Society is trying to bring to light in the splendid competitions 
already referred to. As an example, about three months ago we took on as 
a helper a little bright eyed rascal from the slums of Lambeth. He showed 
great interest and promise, and last week during the dinner hour we put him in 
the chair and told him to " get on with it." He did, and without any super¬ 
vision or a word of help he produced this piece. Surely that is latent talent 
which ought to be encouraged. I think a glance at the pieces on show here will 
make it clear that they represent something " different" from the many similar 
types of article which one sees in shops today. Being entirely hand-made, no 
two pieces in a set are exactly alike. There is individuality in every bit. 

Then again I feel that most coloured glass made in England has a great same¬ 
ness about it. There is a blue glass or a green glass and so on. I am trying 
with some little success to shade colours, getting more of a pastel effect. Any 
glass manufacturer will realise the difficulty of this, and I have not gone far 
enough yet to be able to say when the Umit so far as shading goes will be reached. 

By way of a little more variety as regards mouldings I also tried passing a 
piece of glass through two or even three moulds, getting an impression of e^ch 
mould on it with every pleasing results. This again is a very difficult operation, 
as the article has to be ''warmed in" all over between qjtch impression. 

I am often asked what is the great difference between my glass and that sent 
over here from Czecho-Slovakia. The great thing, of course, is that mine is all 
lead glass and theirs is potash glass, and, secondly, theirs is largely machinp-made 
and lacks to my mind the individuality which my workers are so proud of. 
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Of course, I am glad when I hear there is a falling off in the sales of Czecho, as 
I hate to see foreign glass dumped in old England when so many of our own glass 
•workers are walking the streets. I am hoping that Mr. Baldwin will see his 
way to revive the Safeguarding of Industries Act and also include foreign glass of 
^ grades in its provisions. It would give us a great chance. It may be of 
interest to mention here that I had the honour of making and presenting to 
the Queen’s Dolls* House the chandeliers, wall lights and table candlesticks. 
I have here a copy of the chandeliers, for which I had special wheels made to 
effect the cutting and polishing. These pieces are actually furnace made. 

I do not know if I am particularly unfortunate, but it appears to me that in 
this country every difficulty is placed in the way of any one who is trying to 
start a new business and so to lessen the amount of unemployment which is 
so rampant. For instance, I am taking steps to register my trade mark of a 
harp and the words “Graystan Glass.” After a very long wait, I received a set 
of papers to be filled up and a few days after I returned them I got a letter of 
which the following is an extract:— 

“I have to refer you to Section 2 of the Trade Marks Acts, 1905 to 1919, 
which reads as follows:— 

* It shall not be lawful to register as a trade mark or part of a trade mark 
any matter the use of which would by reason of its being calculated to 
deceive or otherwise be disentitled to protection in a Court of Justice 
or would be contrary to law or morality or any scandalous design.* ** 

I do not quite understand whether I am to be summoned to a Court of Justice, 
whether I am immoral or whether my harp design is.scandalous ; all I know is 
that I expected every assistance from Government departments. I feel sure 
that everything possible would be done in Germany for any one who was 
starting a new business, instead of every difficulty being placed in his way. 

Then again I received some months ago from some glass makers in Czecho¬ 
slovakia illustrations of candelabra, wall lights, &c., which they wished to sell me. 
To my disgust I found that they were copies of photos of old Irish pieces which 
I published some time ago, so I naturally took no notice of them. Soon after¬ 
wards I received a letter asking me to return their illustrations. This I ignored, 
and ever since then I have been bothered by the London Association for Pro¬ 
tection of Trade pressing me to send them back to Mr. Kreiger. I had first of all 
received a call from the Association, and explained the whole thing to their 
representative, but to my astonishment he could see no reason why I should 
refuse to send the illustrations back. What I want to know is—^whose trade 
the London Association is out to protect, English trade or Czecho-Slovakian ? 

In conclusion I should like to tell you a little story against myself. An 
American was talking glass to a London dealer not long ago when the latter 
mentioned my name. The American said " Oh, we all know about Mrs. 
Stannus's glass. She's an extiaordinarily clever woman. She has Waterford 
glass made in Austria, Holland and other places and sends it over to Ireland. 
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She dumps it all over the place in cottages and then goes over very ostenta¬ 
tiously in a big car and brings it all back again as wonderful 'finds.' " That may 
be an American idea of extraordinary cleverness, but I should call it an extra¬ 
ordinarily stupid swindle. 


DISCUSSION. 

Mr. R. A-Ababrelton said that, with regard to Mrs. (iraydon-Stannus’s 
complaint about the official action in connexion with the registration of her trade¬ 
mark, she need be in no way apprehensive. All she had to do was to reply, stating 
that her proposed mark would not come under any of the prohibited heads set 
out in tlie section of the Act. It was simply an example of an official way of 
doing things which must be accepted in this country. A point had occurred to 
him with regard to the bloom which was found on early Irish glass. As an 
antiquary he had had a good deal to do with church glass, and very often the same 
sort of bloom was found on old glass in cathedrals. Mrs. Graydon-Stannus had 
stated w’hat she considered to be the reason, and he was certainly of opinion that 
she was (|uite right. If the attempt was made to manufacture the equivalent 
of this old glass now, this particular bloom was not forthcoming—at least the 
glass-makers said they could not get it—^and the real truth was that in the old 
glass tliere were pieces of lead put in so that the glass could be kept together, 
and somcliow or other the atmosphere in the course of years affected that glass 
by means of the lead and gave this particular bloom, lie had only one other 
remark to make. Mrs. Graydon-Stannus had referred to Mrs. Walpole's letter to 
an Englishman named Eardley. He (Mr. ^i-Ababrelton) believed he was right 
in saying that Eardley was descended from a Jewish financier named Sampson 
Gideon, who made a very great deal of money. Sampsrm Gideon’s son changed 
his name to Eardley, and was made a baronet while he was at Eton, when he was 
only 14 or 15 years of age. Sampson Gideon’s descendant—the Eardley mentioned 
in the paper—had also changed his name to Itardley. The idea behind this 
correspondence was that Irish glass at that time was considered inferior as glass 
because it was not so white as it ought to be, and, therefore, it was attempted 
to make out that Irish glass was particularly wiiite. Thus it came about that 
although Eardley wrote and stated that all tlie Irish glass he had seen was dark 
in colour, Mrs. Walpole maintained that it was white, and that was how the difficulty 
came in now, to which Mrs. Graydon-Stannus had referred, that Waterford glass 
was supposed to be white. 

Mr. a. J. Arnold asked whether tlicre was any difference in the fuel employed 
in the manufacture of modern glass as compared with what was employed in 
glass-making in the old days. He thought it just possible that the dark colour 
might be due to something used in the furnaces. Might it be possible that some 
form of carbon got into the glass in tlie same way that carbon got into steel ? He 
had often wondered why an elementary research student had not been told off to 
work on this old glass and get out the difierent specific gravities and publish the 
results, in the interests of innocent collectors and honest dealers. 

A Member of the Audience asked whether the fuel used in early Irish glass¬ 
making was turf, and not wood. 

Mrs. Graydon-Stannus said, in reply to Mr. Arnold, that she did not think 
the fuel could have had much effect. In the old days wood was used, but the 
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fumes of wood could hardly get into the pot. She was convinced that turf was 
not used, except possibly mixed with wood. 

The Chairman (Sir Herbert Jackson) said he thought it was a good guess 
to attribute the distinctive colour and feeling of many specimens of Waterford 
glass partly, at least, to the fuel used, which might very likely have been wood. In 
the distillation of wood a number of substances were obtained, some of which would 
not be very powerful reducing agents and might, if they came into contact with 
the fused glass, give just the amount of dispersal of metallic lead in an extremely 
fine state of division which could produce a slightly foggy appearance. He had 
seen a specimen of optical glass in which the' foggy blue-grey appearance was very 
noticeable, and it seemed most likely that this was to be attributed to the reducing 
action df some of the furnace gases, and occasionally one found glass of fairly 
high density, containing, say, about 6o per cent, of lead oxide, with that appearance, 
which was a regrettable defect if the glass was required for optical purposes. 11 was 
difficult to say without having specimens of every ingredient used in the glass, but 
it might be possible, he fancied, with a little practice, to get a somewhat close 
copy of old Irish glass. 

Mrs. Graydon-Stannus said that she hoped nobody would get it, not even 
herself. She also referred to the very curious way in which the glass had retained 
its colour ; the old Waterford had retained its colour perfectly. 

The Chairman said that with regard to the remark of Mr. Arnold about glass 
research, a great deal had been done in this direction ; but it was not easy for the 
purchaser of a large vessel to take its specific gravity. Often he had not the proper 
apparatus to do so. Moreover, it was to be doubted whether people who possessed 
specimens of valuable glass could care to take the risk of handing them over to 
any but those used to taking the specific gravity of large and easily broken pieces. 

With regard to the distinctive character of much of the Irish glass, with its 
attractive and delicate bluish-grey appearance, it \sas difficult to say anything 
definite in the absence of knowledge of the state of purity, or character of impurities, 
of the ingredients employed by the makers of the glass. 

But he must not allow himself to indulge in talking of the manufacture of glass. 
The Society that evening had had a notable and interesting contribution on this 
subject of Irish glass. It was extremely pleasant to listen to a discourse of this 
description from someone who was not only interested in the subject, but who had 
the feeling which was only possible to those who were themselves workers. One 
felt that Mrs. Graydon-Stannus had an interest in every piece of glass she handled, 
and was able to see in her mind the old craftsman working it. He was interested also 
in the pictures and description of Mrs, Graydon-Stannus's up-to-date (!) factorv. 
She was to be congratulated on the results she had achieved. These results, if th^ 
did not have the technical imperfections which added to the beauty of Irish glass, 
liad those individual points which removed the product right away from the sphere 
of mass production. He did not like to use the term “ technical imperfections ; 
many pieces of glass in church windows, for instance, would be considered by an 
ordinary glass manufacturer to be technically very imperfect, but for the purpose 
of getting feeling and life in the windows, Ihey were not imperfect—one. would 
speak rather of their perfection. He thought it would have been noticed also, 
that in many of the pieces of this modem manufacture shown there was life and 
individuality which was very charming. He was sure they would all congratulate 
Mrs. Graydon-Stannus, not only on her paper, but on the skill she herself had 
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shown, and on the artistic feeling that had enabled her to produce such interesting 
specimens. He proposed from the Chair a very hearty vote of thanks. 

The vote of thanks was carried unanimously. 

Mrs. Graydon-Stannus said that she was very grateful indeed. She could 
not thank Sir Herbert sufficiently for all the kindness and indulgence he had shown 
her when she was starting practically a new industry. He had given her every 
encouragement. She was grateful to the Society also, and to all those present 
for their appreciation. 

[Manv valuable specimens of glass, both old and new, were handed round among 
the audience, and others were shown on tables for inspection after the meeting.] 


NOTES ON BOOKS. 

CiLiMPbES OF Japan and Formosa. By Harry A. Franck. London: T. Fisher 

Unwin, Ltd. 105. net. 

Although Mr. Franck had only “ six weeks of scurrying to and fro ’* in Japan, 
he has a very quick eye for noticing things of interest and a bright, pleasant 
way of telling them. He was fortunate, also, in being received as a guest in a 
Japanese household, and he gives an amusing account of his difficulties in disposing 
of his trouser-clad legs when squatting on the cushion-scattered matting of a 
Japanese room, and in similar unfamiliar surroundings. 

The author’s admiration of the Japanese people is by no means unqualified. 
The hotel-keepers have a very good idea of plundering their guests, and the tipping 
system, bad enough in this country and America, seems to have run amok in J apan, 
where the tips expected often amount to eighty per cent, of the bill. Nor is it the 
foreigner only who suffers. The town of Yamada is a sort of Mecca to which in 
the spring time pilgrims resort in enormous numbers, and the local guide book 
explains that “ the occupation of the people of Yamada is to feed peacefully upon 
pilgrims.”. 

The J apanese sense of discipline, excellent as it may be in moderation, becomes 
anything but admirable when it is so developed that it paralyses initiative and 
renders men unable to act except on definite orders. Thus, at the great earthquake 
and fire of 1923, the captains of Japanese warships and liners in Yokohama Harbour 
refused to rescue their own countrymen who appealed to them for help until 
they received official instructions to do so, and this in spite of the fact that ships of 
other nations were doing their very utmost to save the unfortunate Japanese. 

The second half of the book deals with Formosa, a country which loses nothing 
in point of interest from the fact that its secrets are so jealously guarded against 
foreigners. Mr. Franck contrived to sec a good deal of the island and its various 
industries, at the head of which comes camphor. Formosa to-day produces nine 
out of the twelve million pounds of camphor which the world consumes annually, 
and as J apan proper produces two millions more, it will be seen to what an enormous 
extent our Eastern ally controls the supply of this article. A vast number of 
camphor trees grow in the country of the head-hunting savages of the interior. 
It seems almost incredible that in an island of this size—I'ormosa is but 257 miles 
long—the primitive head-hunters should be able to maintain themselves against all 
the modem resources of the Japanese; but such is the nature of the country—of 
which Mr, Franck gives a vivid description—that, although the guard-line ” is 
constantly being pushed forward, its advance is so slow that it will probably be 
many years before the last of the savages can be .said to be civilised. 
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GENERAL NOTES. 

Moroccan Wool Industry. —There are three classes of Moroccan wool— 
Aboudia, Urdighia, and Beldia—according to a report by the United States Consul 
at Casablanca. The most recent census places the number of sheep in the country 
at about 5,000,000, of which approximately 4,050,000 are wool-bearing. About 
300,000 produce 1,125,000 pounds of Aboudia ^ool; 450,000 yield a clip of about 
1,685,000 pounds of Urdighia wool; and 3,300,000 supply approximately 13,000,000 
pounds of Beldia wool. A large part of the production is us^ at home for the needs 
of local industries in the weaving of cloth for native garments and in the manufacture 
of rugs. The annual exportation of wool from Morocco from 1912 to 1923 averaged 
apprc)ximately 6,283.000 pounds. 

Assistance to Sericulture in Kwangtung. —According to a report by the 
United States Trade Commissioner at Shanghai, the Government of Kwangtung 
Province has authorised the organisation of a bureau for assisting the people in the 
improvement of the provincial sericulture. The bureau, which is closely afhliated 
with the Lingnaam Agricultural College, has power to supervise all the work of 
certified egg production in the Province, even to the point of licensing egg merchants. 
It is supported by appropriations from the provincial government, and has as adviser 
a board composed of representatives from the Government, the college, and several 
organisations of business men who are interested in the silk industry. 


MEETINGS OF THE SOCIETY TO MARCH 11, 1925. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock, unless otherwise announced :— 

February 18.—J. S. Owens, M.D., Assoc. M.Inst.C.E., F.G.S., Superintendent, 
Advisory Committee on Atmospheric Pollution, Air Ministry, Meteorological Office, 
“Modern Atmospheric Conditions.” Sir Napier Shaw, LL.D., Sc.D., F.R.S., will 
preside. 

February 25.—Sir Dugald Clerk, K.B.E., D.Sc., F.K.S., “ The Power of 
Internal Combustion Engines for Motor Cars.” The Hon. Sir Charle.s A. Parsons, 
K.C.B., LL.D., D.Sc., F.R.S., will preside. 

March 4.— Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., Department 
of Glass Technology, University of Sheffield, “ The Modem Production of Sheet- 
Glass.” 

March 11.— Emile Cammaerts, “The Restoration of Public Buildings in 
Belgium.” Viscount Burnham, C.H., LL.D., will preside. 


Indian Section. 

Friday afternoon, at 4.30 o’clock :— 

March 6.—Sir Henry Sharp, C.S.I., C.I.E., M.A., “Ihe Development of Indian 
Universities.” The Rt. Hon. Viscount Chelmsford, G.C.S.I., G.C Al.Ci , 
G.C.I.E., G.B.E., will preside. 


Dominions and Colonies Section. 

Tuesday afternoon, at 4.30 o’clock :— 

February 24.—R. H. Brackenbury, Member of the Empire Cotton Growing 
Corporation Mechanical Transport Sub-Committee, “ Transport in Tropical Africa.” 
Major-General Sir Eune.st D. Swinton, K.B.E., C.B.,D.S.O., R.E., will preside. 
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Cantor Lectures. 

Monday evenings, at 8 o'clock :— 

Walter Rosenhain, D.Sc., F.R.S., Superintendent of the Department of 
Metallurgy and Metallurgical Chemistry at the National Physical Laboratory 
** The Inner Structure of Alloys." Three Lectures. February 16, 23, March 2. 

SYLLABUS. 

r.ECTURE 1 .—February 16.—‘Structure of Metals and Alloys. Micro- 
structure and Atomic Structure. Meaning of Micro-structure. Constitution 
of Alloys. Pure Metals, Compounds and Solid Solutions. Occurrence in 
.\lloy Systems. Equilibrium Diagrams. Crystalline Nature of Metals. 
Atomic Structure of Crystals. X-ray Study of Crystals. Space Lattices 
and Structure of Pure Metal Crystals. 

Lecture 11 .— February 23.—Nature of Solid Solutions, l^ossible Arrange¬ 
ment of Atoms. Proof of the Substitution Hypothesis. Theory of lattice 
Distortion. Melting and Freezing. Lattice Expansion, local and general. 
Lattice Compression and Rise of Melting Point. Strength and Ductility. 
Lattice Distortion under Stress. Slip and Amorphous Layers. Inter- 
Crystalline Boundaries. 

Lecture III.— March 2. —Electrical Conduction. Passage of Electrons 
through Atomic Lattice. Effect of Distortion and Thermal Agitation. Super- 
Conductivity. Other effects of Distortion. Colours of Alloys. Magnetic 
Properties. Solid Solutions with no Distortion. Inter-metallic Compounds. 
Difference from " Symmetrical Solid Solutions." General Bearing on Scientific 
Metallurgy. Structure of Complex Alloys. Balancing Distortion. Calcula¬ 
tion of Equilibria. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 

Monday, Flhruary i 6 . .Cold StoraKC and Ice Association, 
at the Royal Society of Arts, John Street, Adclpbi, 
W.C. 5.30 p.in. Mr. J. Raymond, “ The Importance, 
from a National and Industrial Point of View, of 
extendinit Kcfrigeratiiig Instruction in Educational 
SystenLs throughout Great BriUin.” 

Geographical Society. Kensington Gore, S.VV. 5 p.m. 
British Architects, Royal Institute of, g, Conduit Street, 
W. 8 p.m. Mr. D. S. McColI, “ ^ulpture in Relation 
to Architecture.” 

Engineers, Institution of, (Local Centre), at 
The University, Liverpool. 7 p.m. Mr. W. K. 
Biwh, ” Modem Electric Lighting Practice.*’ 
F^day Society, at the Chemical Society, Burlington 
House, PiccadUly, W. 8 p.m. x. M^. A. J. 
AUmand and V. S. Ihiri, ” The Efitect of Superposed 
^temating Current on the Anodic Solution of Gold 
in Hydrochloric Add.” a. Mr. C. H. Desch and 
Miss Eileen Vellan, ” The Electrolytic Deposition of 
Cadmium and. other Metals on Aluminium.” 3. 
Messrs. W. M. Thornton and J. A. Harle, “The 
Electrolytic Corrosion on Ferrous Metals.” 4. Mr. 
S. Glasstone, ** Overvoltage and Surface Forces at 
the Lead Cathode.” 5. Mr. M. Shikata, •* The 
Electrolysis of Nitroben^e with the Meremy-drop- 
ping Cathode.” 6. Mr. J. R. Coutts, “The Law of 
Distribution of Partides in Colloidal Suspensions; 
A Note on the Specific Volume of a Gamboge 
Suspension.” 7. Mr. W. W. Barkas, “ On the 
Distribution of Partides in Colloidal Suspensions.” 
Ecoocnnics and Political Science, London School of, 
Houghton Street, Aldwych, W.C, 5 p.m. Mr. E. B. 


Behrens, ** Organising an International Civil Ser\’ice 
for punx>ses of Industrial Research.” 

University of lA)ndon, University College, Gower 
Street, W.C. 3.30 p.m. Lieut.-Comdr. E. Sutton, 
” Buddhism.” (Lecture II). 

At King’s College, Strand, W.C. 5 p.m. Dr. J. A. 
Hewitt, ” Carbohydrate Metabolism.” (Lecture y). 

3.30 p.m. Dr. R. W. Seton-Watsou, “ The Origins 
of the War in its Balkan Aspect.” (Lecture I). 

.•5.30 p.m. Rev. C. F. Rogers, " Ecdesiastical Music.” 
(Lecture IV). 

5.30 p.m. Prof. A. E. JollifTc, " Early Mathematics 
before Newton,” 

At St. Bartholomew’s Hospital Medical College, West 
Smithfield, E.C. 3 p.m. Sir William I. de Courcy 
Wheeler, ” Some Practical Considerations and 
Experiences in the Conservative Treatment of 
Fractures of the Pelvis and the Lower Extremity.” 
(Lecture I) ; continued on the 17th, i8th and 19th 
February. 


Tuesday, Fesruary 17. .Statistical Society, *3t the 
Royal Society of Arts, John Street, Adclphi, 
W.C. >5.15 p.m. Messrs. L. J. Russell andT. Baser, 
** The Fishery Statistics of England and Walw.” 

Electrical Engineers, Institution of, (N. Western Centre) 
Engineers’ Club, Albert Square, Manchester. 7 P*®* 
Mr. H. W. Cl6thier, “ The l)csign of Electrical Plm»t- 
Control Gear and Connections lor Protectkux againstf 


Shock, Fire and Faults,” 

(Scottish Centre), Freemasons’ Hall, 

7.43 pjn. Prof. G. W. O. Howe, “ World-Wide 
Rmio Telegraphy.” (Faraday Lechire). 

Textile Institute, Manchester. 7 P-ni. I^f. Slater, 
“ The Applic.ation of an Electrical Method to the 
Study of the Moisture Absorption in Catton.” 
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Rwal Institution, Albemarle Street, W. 5.15 p.m^ 
Prof. J. Baicrof t, ** The Colour of the Animal Creation/’ 
(Lecture II), “ The Hare.” 

J^hotographic Society, Rassell Square, W.C. 7 p.m. 

Meeting of Kinematograph Group. 

Transport, Institute of, at the Institution of Electrical 
Engineers, .Savoy Place, Victoria Embankment, 
W.C. 5.3ojp.m. Mr. H. B. Davies, “ The Rights and 
Duties of Transport Undertakings." 

University of London, University College, Gower 
Street, W.C. 3.30 pjn. Prof. J. E. G. de Mont¬ 
morency, " The Si^iificance of the Humanism of 
the Negro Races.” 

3.30 pjn. Mr. N. H. Baynes, " Some Aspects of 
Byzantine Civilisation." (Lecture III). 

At King’s CoUegc, Strand, W.C'. 3.30 p.m. Miss 
E. Underhill, *' The Philosopiiy of Religion, The 
Realism of the Mystics." 

At the Listitute of Historical Kesean'h, Malet Street, 
W.C. JI30 p.m Sir Bernard Pares, " Contemporary 
Russia from 1861." (Lecture V). 

At the Middlesex Hospital Medical School, Cleveland 
Street, W. 5 p.m. Mr. E. C. Dodds, “ The Chemistry 
of the Internal Secretions." (I.ecture V). 

Wednesday, February 18. .Meteorological Society, 49, 
Cromwell Road, S.W. 7.30 p.m. 1. Miss L. D. 
Sawyer, *' The Effect of Pressure Distribution upon 
London’s Sunshine in Winter." 2. Prof. S. Chapman, 
"On the Changes of Temperature in the Lower 
Atmosphere, by Eddy Conduction and Otherwise." 
3. Messrs. N. K. Johnson and O. F. T. Roberts, 
" The Measureinent of the Lapse Rate by an Optical 
Method." 

Cavil Engineers, Institution of, Great George Street, 
S.W. 6 p.m. (Students' Meeting.) Mr. R. H. 
Tangii, " Reconstruction of Barrow Haven Bridge, 
Lincolnshire, L. & N.E. Rly." 

Sanitary Institute, Swansea, i. Prof. A. L. Mcllroy, 
" Maternal Mortality.” 2. Prof. Bacon, " Smoke 
Abatement." 

Oriental Studies, School of, London Institution, Finsbury 
Circus, E.C. 3.15 p.m. Mr. E. Riclunoiul, " Early 
Moslem Architecture." (Lecture II). , 

Economics and Political lienee, London School of, 
Honghton Street, Aldwych, W.C. 5 p.m. Mr. J. 
Thorp, "The Pmdples of Design as Applied to 
Boon and Printing." 

Electrical Engineers, Institution of (S. Midland Centre), 
at the University Birmingham. 7 p.m. Mr. H. W. 
Qothier, "The Design of Electrical Plant, Control 
Gear and Connections for Protection against Shock, 
Fire and Faults.” 

(Local Sub-Centre), at the Royal Victoria Hotel, 
Sheffield. 7.30 pan. Address by the President, 
Mr. W. B. Woodl^se. 

University of London, University College, Gower 
Street, W.C. 3 pan. Dr. A. S. Parkes, " The 
Physiology of Reproduction.” (Lecture V). 

6 pan. Idr. H. Higgs, "The Financial I^blemsof 
Europe.” (Lecture v)., " Great Britain and Ireland." 

3.30 P*ni. Mr. I. C. Grondahl, " Nature Feeling in 
Norwegian Literature after Wergeland." (Lecture 11). 

^tsiS^Lon^o ** ^*^*^*T Resources 

At King’s Collwe, Strand, W.C. 3.30 p.m. Baron 
A. F. Meyendorf^ " Travels in the East, A,D. 800-1200" 
At St. Bartholomew’s Hospital Medical School. 6. 
Giltspnr Street, E.C. 3 p.m. Dr. J. M. D. Scott, 
"The Medullary Centres." (Lecture II). 

Thursday, February 19. .Aeronautical Societv. at the 
Royal Society of Arts, John Street, Adelphi, W.C. 

7 pJD. (Joint Meeting with the Institution of Auto¬ 
mobile Engineers). Lkut.-Col. L. F. R. Fell, " Light 
Aeroplane Engine Devdopment." 

Royal Institution, Albemarle Street, W. 3.13 p.m. 
IM. Sir William Brm, " The Properti^ and 
Structure of Quarts.” (Lwtuie IV). 

Royal Society, SurUngton House, Piccadilly, W. 4.30 
pjn. 

Antiquaries, Society of, Burlington House, Piccadilly, 
W. 8.3ji> pjn* 

Victoria and Albert Hmwim, South Kensington, S.W 
6 pa. Mr. 0. HI Mner," Book Bindings.” 


Linnean Society, Burlington House, Piccadilly, W. 
5 p.m. 1. Miss A. Lorrain Smith, "John Templeton's 
Drawings of Lichens and Mosses." a. Dr. J. Burtt- 
Davy. ‘*^The Tropical African Element in the Arbores¬ 
cent Flora of the Transvaal." 3. Prof. R. R. Gates, 
" Virescent Inflorescence of Delphinium.” 

Chemical Society, Burlington House, Piccadilly, W. 


Mining and Metallurgy, Institution of, at the Gedogical 


Principle in Human Behaviour.” 

Mechanical Engineers, Institution of, (N. Western 
Branch), at the Engineers’ Club, Manchester. 7 p.m. 
Mr. H. W. Baker, “ The Use of the Dalby-Watson 
Form of Indicator for the High Speed Petrol Engine." 
Electrical Engineers, Institution of,' Savoy HRce, 
Victoria Embankment, W.C. 6 p.m. Major E. I. 


David, " Electricity in Mines. 

University of London, University CoUqje, Gower Street, 
W.C. 3.30 p.m. Dr. C. Pellizzi, " II Giannone e 
i Pensatori politici napoletani del secolo XVIII." 


(In Italian). . 

5.13 p.m. Prof. J. E. G. de Montmorency, "Afncan 
Customary Law, with special reference to Early 
Egyptian Law." (Lecture V). 

At King’s College, Strand, W.C. 5.30 p.m. Dr. 
I. P. Bruce, " Education in China." 

5 p.m. Dr. R. B. McKerrow, " Bibliographic^ 
Notes for Students of English Literature." (Lecture III) 

6.30 p.m. Dr. O. Vocadlo, " Czech Civilisation." 


(Lecture VI). 

5.30 p.m. Dr. P. C. Buck, " 'fho Laws and Assump¬ 
tions of Music." (Lecture II). 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Prince D. S. Mirsky, " Russian 
Literature in the Second Half of the Nineteenth 


Century." (Lecture V). ^ . 

At the Middlesex Hospital Medical School, Cleveland 
Street, W. 5 p.m. Mr. E. C. Dodds," The Chemistry 
of the Internal Secretions." (Lecture VI). 


Frida V, February 20. .Engineering Inspection, Institu¬ 
tion of, at the Royal Society of Art^ John Street, 
Adelphi, W.C. 7.45 p.m. Major C. E. S. Phillip^ 
."The Radium Industry, its I^velopment and 
Importance." 

R(wai Institution, All)emarle Street, W. 9 p.m. Prof. 

T. H. Pear, " Acquiring Muscular Skill." 

Photographic Society, 35, Russell Square, W.C. 7 p.m. 
Mr. A. C. Ranneld, " Photography by Artificial 


Sanitary Institute, at the University, Edmund Street, 
Birmingham. 7.30 p.m. Prof. J. Robertson and 
Mr. C. G. Teale, " Fresh Air and Light in the Treat¬ 


ment and Prevention of Disease." 

Aeronautical Engineers, Institution of, at the Engineen 
Club, Coventry Street, W. 6.30 p.m. Prof. E. G. 
Coker, " Photo-Elastic Methods of Measuring Stress.’ 
Electrical Engineers, Institution of, (S. Midland Centre), 
Joint Meeting with local centres of the Institutions 
of Civil and Mechanical Engineers, City Council 
Chambers, Birmingham. 7 P-n* Address by the 
President, Mr. W. B. Woc^ouse. 

Mechanical Engineers, Institution of, Storey’s Gate, 
Westminster, S.W. 6 pjn. Annual General Meeting. 
University of London, University Collie, Gower Street. 
W.C. 3.30 p.m. Prof. W. A. PhilUps, “Loan- 
Slavery in Latin America." 

At King’s College, Strand, W.C. 3.30 pjn. Mr. 
N. B. Jopton, "The Early Histc^ of the Slavs.’ 
(l^ture III.) 

China SocieW, at the School of Oriental Studies, Finsbury 
Circus, B.C. 3 p.m. Bfrs. Ayscough, “ The 
Symbolism of the Purple Forbidden CiW.” 

Engineets, Junior Institution of, 39, Victoria Street. 
S W. 7.30 p.m. Mr. J.. M. Mdon, " InvertM 
Tooth Chain Drives." 


Saturday, February a z.. Royal Institution, Albemarle 
Street, W. 3 p.m. ProL W. Rothenstein, “The 
Artisrs Relation to S^l and Rdigious Life.” 
(Lecture II). 

London Coun^ Council, at the Homiman Museum, 
Forest Hill, S.E. 3.30 pjn. Mr. F. Balfour^Btowne, 
“ My Journey to Bra^.” 
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NOTICES. 


NEXT WEEK. 

Monday, February 23rd, at 8 p.m. (Cantor Lecture.) Walter Rosen- 
HAiN, B.A., B.C.E., D.Sc., F.R.S., Superintendent of the Department of 
Metallurgy and Metallurgical Chemistry at the National Physical Laboratory, 

The Inner Structure of Alloys." (Lecture 11 .) 

Tuesday, February 24th, at 4.30 p.m. (Dominions and Colonies Section.) 
R. H. Brackenbury, Member, Mechanical Transport Sub-Committee, Empire 
Cotton Growing Corporation, Transport in Tropical Africa." Major-General 
Sir Ernest D. Swinton, K.B.E., C.B., D.S.O., R.E., will preside. Tea and 
coffee will be served in the Library at 3.45 p.m. 

Wednesday, February 25th, at 8 p.m. (Ordinary Meeting.) Sir Dugald 
Clerk, K.B.E., D.Sc., F.R.S., " The Power of Internal Combustion Engines 
for Motor Cars." The Hon. Sir Charles A. Parsons, K.C.B., LL.D., F.R.S., 
will preside. 


COUNCIL. 

A meeting of the Council was held on Monday, February 9th. Present:— 
Lord Askwith, K.C.B., K.C., D.C.L., in the Chair; Mr. A. Chaston Chapman, 
F.R.S.; Sir William Henry Davison, K.B.E., D.L., M.P.; Rear-Admiral 
James de Courcy Hamilton, M.V.O.; Col. Sir Arthur Holbrook, K.B.E. ; 
Sir Herbert Jackson, K.B.E., F.R.S.; Major Sir Humphrey Leggett, D.S.O., 
R.E.; Sir Philip Magnus, Bt.; Mr. Alan A. Campbell Swinton, F.R.S.; 
Dr. J. Augustus Voelcker, M.A., Ph.D.; and Sir Philip Watts, K.C.B., LL.D., 
F.R.S., with Mr. G. K. Menzies, M.A. (Secretary of the Society) and Mr. S. 
Digby, C.I.E. (Secretary of the Indian and Dominions and Colonies Sections). 

Sir Charles H. Armstrong was appointed a Vice-President of the Society 
in place of Sir Thomas Jewell Bennett, deceased. 
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Preliminary consideration was given to the question of the award of the 
Albert Med^ 1925. 

ArrangemaM g were made for the investment of the funds in connexion 
with the Thonw Gray Memorial Trust. 

A number of^pers and courses of lectures proposed for the latter end of 
this session and the earlier part of next session were considered. 

Other formal business was transacted. 


• TENTH ORDINARY MEETING. 

Wednesday, February iith, 1925. 

Lord Bearsted, LL.D., a Vice-President of the Society, in the Chair. 

The. following Candidates were proposed for election as Fellows of the 
Society:— 

Bennett, James Henr>', M.l.Mar.E., Sheftielci. 

Cayley, Bernard Briggs, London. 

Cayley, Percy John, Croydon. 

Lancaster, Thomas Alfr^, Barnston, Birkenhead. 

Murrell, Frank, Weston-super-Mare. 

North, Robert Benson, Junr., Watford. 

Paul, Robert William, M.l.E.E., London. 

Rickaby, Tom Walton, London. 

Sell, Donald P'rank, London. 

Standheld, Frank, Assoc.M.Inst. C.E., Surbiton, Surrey. 

Truscott, Sir George Wyatt, Bt., London. 

The following Candidates were duly elected Fellows of the Society ; — 

Baker, Reginald Percy, London. 

Bolton, Herbert Cookson, London. 

Hammond, Miss Winifred, London. 

Leefe, B. W., London. 

Logsdon, Stanley E., Pernambuco, Brazil. 

Uddin, Ahid, London. 

Whittaker, William Thomas, London. 

A paper on" The Diesel Engine in Navigation " was read by SiR J. Fortescue 
Fiannery, Bt., Past-President of the Institute of Marine Engineers. 

The following took part in the discussion:— ^The Right Hon. The Earl 
OF Birkenhead, H.E. The Japanese Ambassador, and Engineer- 
Vice-Admiral Sir Robert Dixon, K.C.B. 

The paper and discussion will be published in a subsequent number of the 
Journal. 


BINDING COVERS FOR JOURNALS. 

For the convenience of Fellows wishing to bind their annual volumes ot 
the Journal, cloth covers can be supplied, post free, for 2s. each, on application 
to the Secretaiy. 



Fel, to, 19S5, 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 311 


PROCEEDINGS OF THE SOCIETY. 


DOMINIONS AND COLONIES SECTION 
Tuesday, January 27 TH, 1925 . 

Sir Halford John Mackinder, M.A., in the Chair. 

A letter was read from the Secretary of State for the Colonies expressing regret 
that, owing to a previous engagement, he was unable to be present, and adding 
that the subject was one in which he was much interested. 

The Chairman said that, unfortunately, he would be unable to remain to hear 
the whole of the discussion on the paper which would subsequently take place. 
He hoped, therefore, he might be allowed to make a few remarks before the paper 
was read. The subject 6 i the paper had a double aspect. The author was 
interested, as far as he could gather, in the theory of a service of intelligence in 
regard to the Empire which he would like to see developed on a particular basis, 
and also he was a man of experience in tropical conditions and was contemplating 
further studies which would no doubt have important results. One of the most 
interesting points for consideration at the present time was the fact that most 
advance seemed to take place on the borders between sciences, or, as it was some¬ 
times called, the cross-fertilisation of sciences. Every one was familiar with the 
immense advances of knowledge that had been made due to the fact that the old 
sharp distinction between chemistry and physics was no longer maintained, and 
the same phenomenon was apparent in many other directions. In the particular 
case under discussion the author drew attention to the interaction of ideas in 
research derived, on the one hand, from the study of geography, and, on the other 
hand, from the study of economics. There was a time when, in connexion with 
geography, he (the Chairman) used to delight in attacking papers at various gather¬ 
ings which were concerned with the definition of the subject—exactly what 
geography was, whether it was a science, or an art, or a mere ** graphy.*' He was 
afraid he had now lost a good deal of his interest in those things. In going through 
life one found that the information stored in one's mind at the start was pulled 
out from its pigeon-hole and was not always put back into the same pigeon-hole. 
The pigeon-holing of knowledge was much more prevalent a generation ago than 
it was to-day, but there was no question that, however vaip it might be to try 
. and define a subject nowadays, there were points of view which were exceedingly 
valuable if compared. He remembered a passage in one of Walter Bagehot's 
books in which the author reminded his readers that, if they went to the top of 
St. Paul’s Cathedral and looked out on the buildings of the City of London, and then 
moved to the top of the Monument they would see the same buildings arranged 
differently, with the result that those who made the journey would understand 
a great deal more of London. He thought it was vitelly important that there 
should be men in this country equipped, not merely as specialists, but with at 
least two, if not three, specialities; and he believed that such men were quite 
as likely to make advances of knowledge as the men, no doubt equally meritorious, 
who devoted themselves to a single subject, aqd put blinkers on in order that tliey 
might penetrate as far as they possibly could in a single direction. Above all 
was that necessary when a man was sent out to make observations in foreign 
countries. He, of all people, must not be the ^ve of a single speciality. Personally, 
he could conceive of no better equipment for a man sent out to compile information 
for the benefit of the Governments of the Empire and for the benefit of commercial 
enterprise than that he should be equipped as a trained economist and also 
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as a geographer. Such a man would see into things as well as merely see them, 
and by being possessed of the physical knowledge, which was the basis of 
geography, and social knowledge, which was of the essence of economics, 
he would in all p]|Dbability be able to produce results. In the paper the author 
instituted a comparison between two tropical portions of the British Empire, British 
Guiana in South America, and Malaya a;t the back of Singapore. He would not 
anticipate what the reader of the paper was going to say, but he thought that what 
would be in the minds of every one preset was that a man who, like the author, 
had been Professor at the Imperial College of Tropical Agriculture in the Island 
of Trinidad, when he went to Malaya or some neighbouring region to institute 
comparisibns v ould probably render service to the land in which his studies were 
previously pursued. He thought another idea that would be at the back of all 
their minds was how wonderful the British Empire was. and not the least wonderful 
in its tropical portions. That a little patch on the map of the world, British Guiana, 
should be as large as the British Islands, should be practically virgin forest of the 
tropical rain type, and should be hardly inhabited except just along the coasts front, 
gave much food for thought. He did not know whether those present had ever con¬ 
sidered what were the possibilities of the tropics. The island of Java, which was 
not so large as British Guiana, had a population of between 40 and 50 millions. 
It lay pretty nearly in the same latitude as British Guiana and was under the 
conditions of tropical rain If the Malay Archipelago were inhabited with the 
same density that J ava was to-day it would have a population of 400 million people ; 
the forest of the Congo would carry another 400 million people, and the tropical 
portions of Brazil and British Guiana would carry another 400 million people. It 
was not necessary that that population should be wholly resident in those regions. 
The people in temperate regions eat food that came from a distance, and in that 
connexion the reserves of the British Empire were worth considering. The author 
in his paper drew attention to a relatively developed region in the Malayan area 
and to an undeveloped region in British Guiana, and argued that by proper study, 
by proper thought beforehand, by proper planning, by the investment of capital 
and scientific research it should be possible to develop British Guiana to the same 
extent as Malaya. The author would argue that geographical circumstances 
had favoured a development of Malaya first; but personally he asked them to 
remember that the strength of the British Empire lay largely in the fact that it 
not only had regions that were relatively developed but immense reserves of 
territory, both tropical and temperate, which were practically undeveloped. The 
problem of the next generation was to develop those areas, retaining them within 
the British Empire, and supplementing the small area of the British Islands by 
the .vast Empire. That gave a new hope for the race. 

The paper read was:— 

ECOJ^OMIC RESEARCH IN TROPICAL DEVELOPMENT, 

WITH SPECIAL REFERENCE TO BRITISH GUIANA AND BRITISH MALAYA. 

By W. R. Dunlop. 

In describing the point of view and methods dealt with in this paper as 
economic research, I run the risk of being misleading to academic economists, 
ior what I am electing to call economic research is really research in economic 
geography and industrial and administrative efficiency. Economic research 
an the acaidenuc sense is the unravelling of the interacting human circumstances 
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that give rise, or tend to give rise, to business phenomena, such, for example, as 
changes in price levels. The present Food Commission in this country is, to 
some extent, I suppose, engaged in work of this nature. The science, which 
has been evolved by generalising on economic phenomena and tendencies is 
called economics, familiar phrases in connexion with which arc supply and 
demand, elasticity of demand, trade cycles and division of labour. I define 
economics briefly as the abstract science of man in relation to his business 
activities, and its importance to us in this paper rests in the idea that it 
describes those economic principles and tendencies which will pervade and 
arise from our more concrete considerations. 

A good deal of thought has been devoted to the question as to what is the 
realistic basis of economics. It is far outside of the scope of this paper to 
enter into a discussion of this question, but I am inclined to think that it will 
be found profitable to regard the first, though not necessarily the ultimate 
bases as being geography and human psychology. After all, the fundamental 
question of economics is why some of us, individually or collectively, are better 
off than others, and the answer to this is to be found, I think, in geographical 
environment and in human ability and idios3mcrasies. 

Regarded from this point of view, research in economic geography and 
industrial efficiency underlies economics even if it may not be economics in the 
pure academic sense. In common with economics our main objective is the 
study of man, and it is very important to realise that this does not hold good in 
the case of the applied natural sciences which borrow the derived adjective 
economic. Thus although economic botany, econpmic geology and economic 
entomology are concerned respectively with the study of plants, minerals and 
insects in relation to man's wealth, and greatly assist production, they are 
not economic studies. They consider Nature in relation to man, not man 
in relation to Nature, which, broadly speaking, is geography. Furthermore 
they deal only with certain specialised aspects of Nature, whereas in economics 
of the geographical kind we consider man in relation to all aspects of Nature, 
both favourable and imfavourable. An example of an unjustified use of the 
word economic may be quoted to make what I mean clearer. Our South 
American Colony, British Guiana—concerning which I shall have a good deal 
to say in a few minutes—is initiating, or has initiated what is officially called 
an " economic survey " consisting of a S3^tematic exploration by specialists 
of the latent resources of a certain region in respect of soil fertility, timber, 
minerals and water-power. This is not an economic survey, but a survey in 
economic botany and geology—a very different thing. Even engineering, in 
spite of its revolutionary economic effects, is not ecbnomics; it is industrial 
physics and mechanical invention. 

I bring these points to your notice, not because I wish to quibble over 
names, but because I wish to emphasise a point of view which I kriow from 
experience is not appreciated, principally, I think, because it is new. The 
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idea that I am driving at is the co-ordinating "something " which is missing, 
or needs developing, between specialised natural science and academic 
economics. I call it economic geography and industrial and administrative 
•efficiency. A shorter phrase might be economics on a geographical basis, and 
it should be scarcely necessary for me to add. that research in this direction 
necessitates intimate contact with and the co-operation of industrial and 
commercial interests and Governments, and on the part of the investigator, 
a wide range of knowledge, a broad practical outlook, and a sound familiarity 
with thop special subjects like statistical method and accountancy which 
enable us to measure economic distributions and efficiency. 

I believe in practical illustration rather than theoretical discussion for such 
a matter as that which we have in hand, and I propose, by contrasting the 
conditions in two of our tropical Dependencies, to show you actually, though 
necessarily briefly and superficially, what I mean. But I must, in the first 
instance, explain shortly why, as the title of this paper implies, I am especially 
advocating geographical economic research for the Tropics. My reasons are 
these: firstly, because our tropical possessions are so numerous, so far-flung 
and differ so enormously in most respects; secondly, because, with all respect 
to our geographers, their conditions have never been systematically analysed 
and compared; thirdly, because they are, for the most part, only partially 
developed in every sense, which affords scope for actually applying results 
and conclusions; and lastly, because we stand ultimately responsible for them 
and should therefore exercise our highest intellectual powers in their interests. 

British Guiana and British Malaya Compared. 

If the fundamental question of economics is why some of us are better off 
than others, we ought to get some interesting results in our tropical world by 
contrasting a country which is poorly off and cannot develop in spite of 
available resources, with another country which is well off and fairly extensively 
developed. Wealth, like health, is, of course, a relative condition, but for 
the purposes of this paper I have decided to select British Guiana, in the New 
World Tropics, as falling within the former category, and British Malaya, 
of the Old, as coming within the latter. I imply nothing detrimental to 
British Guiana in calling her poorly off and unable to develop; in fact, I am 
only repeating what can be found in her own published announcements. 

In making the comparison, however, we have to bear in mind that wealth 
is the result of the profitable production and exchange of commodities and 
services, and that development is the gradual unfolding and organisation 
of resources needed to bring this about, and finally, that there is all the difference 
between the total wealth of a country as a national unit and the wealth per 
Jh^ of a country’s inhabitants. These distinctions are not of immediate 
importance as we shall be concerned first with general geographical 
characteristics. 
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The relative positions and areas of British Guiana and British Malaya are 
shown on the Mercator's projection of the world in front of you. 

As countries go, both are comparable in size, the area of British Guiana 
being roughly equal to the combined area of England, Scotland and Wales, 
while the area of British Malaya roughly corresponds to the combined area 
of England and Wales alone. The difference between the two countries as 
political units I shall make clear later. In regard to physical conditions the 
two countries have many features in common. Both lie within a similar range 
of latitude (between i® and 9° north of the Equator), and what is of greater 
importance, they lie respectively in the two great tropical regions of maximum 
rainfall of over 80 inches per annum. Both enjoy sea breezes, especially 
British Guiana. The natural vegetation of each is, for the most part, dense 
tropical rain-forest, and in both malaria, ankylostomiasis (hookworm) and other 
human diseases constitute a factor inimical to health and natural increase 
of population. Both countries are mountainous in the interior with 
maximum elevations of about 7,000 to 8,000 feet. These mountains are 
sandstone or granitic in character, and are not volcanic. Both countries 
possess extensive deposits of valuable minerals. The soil, on the whole, is 
exceedingly fertile in both countries. Desert conditions are entirely absent. 
The rivers are numerous and large, and water-power is abundant, especially 
in British Guiana. As regards population, the inhabitants of each country are 
principally immigrants of recent or ancient arrival, by which I mean that the 
inhabitants, for the most part, arc not indigenous or aboriginal. The 
Indian (India) element in each is of great and special economic importance. 

We now come to the general dissimilarities. These are exceedingly 
important because they are likely to show us what, for the present, we are 
seeking, namely, why one country, as a political unit, is more extensively 
developed than the other. 

But let us first consider the extent of this difference in development. 

In British Malaya about 60 per cent, of the country's total area is under 
systematic occupation (I include the Government forest reserves in this 
figure); whereas in the case of British Guiana less than 2 per cent, is under 
occupation, and most of that of an exploitary nature.. In British Malaya, 
about 9 per cent, of the total area of the country is under agriculture, whereas, 
in British Guiana only about 0.25 per cent, is thus developed. British 
Malaya has 2,460 miles of metalled roads and 1,092 miles of first-class railway,, 
whereas British Guiana, one-fifth larger in area, has only 447 miles of metalled 
roads (including municipal) and only 97 J miles of not very prosperous railway* 
As regards harbour facilities, Singapore, the chief Malayan port, next to 
Liverpool in tonnage-entry, can receive 20,000 ton steamers at the wharves 
at any state of the tide, whereas Georgetown harbour, in British Guiana, 
cannot receive steamers of more than 3,000 tons, and then only at high 
water. Finally, the value of the exports from British Malaya in 1923 was 
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Fig. 2. BRITISH MALAYA. 

Map of British Malaya, prepared by the Author, to show approximately the 
distribution of population. Each black dot represents 5,000 persons. The large 
black spot in the extreme south represents the inhabitants of Singapore (350,400^ 
census of 1021) ; that on the north-west island the inhabitants of the municipality 
of Penang (123,100). Scale of map same as previous one: 67.4 miles*to the inch. 
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£78,714,225, while the value of those of British Guiana was £3,757,647; the 
value of the imports into British Malaya in 1923 was £69,231,635, the value 
of the imports into British Guiana £2,668,960; thus the totd volume of external 
trade of British Malaya in 1923 was £147.945,860 and the total external trade 
of British Guiana, £6,426,607. Prices and general conditions were sufficiently 
normal or at any rate compensatory, I think, during 1923, to render these 
values fairly comparable and indicative of the present magnitude of each 
country's commercial and productive activities. 

What then, in the geographical sense, is there to account for this enormous 
difference in development ? We have, I think, to return to where we broke 
off and consider dissimilarities in respect of each country’s more fundamental 
geographical characteristics. 

If you will look at the two large sketch-maps of British Guiana and 
British Malaya, on which each black dot represents 5,000 persons, it will be 
readily apparent that the two countries differ to an almost astounding extent 
(as no doubt you will have known or anticipated) in both the total number 
and distribution of their inhabitants. Roughly, British Malaya has a 
population of 3J millions, British Guiana a population of only 300,000. 

Now assuming, as I think we may, that the inhabitants of each country are 
profitably and usefully occupied, their numbers (in conjunction with their 
ability) is a fundamental factor of development. But the fundamental 
problem is the reason for the difference in population. The same thing applies 
to the factor of invested capital (or savings) in each countr>\ 

If you will now glance again at Mercator's projection of the world you will 
observe that while British Guiana has a coast line of 25b miles it is essentially 
a continental region, almost surrounded by the vast, but sparsely populated 
countries of northern South America, and that it lies well away from the world's 
great trade routes. British Malaya, on the other hand, is a peninsula, which, 
apart from possessing all the natural advantages of an extensive coast line 
combined with continental land connexion, actually lies in the heart of the 
densely populated East, with India on the west, China on the north-east, 
Java on the south and Siam and Burma on the north. In addition, the 
southern extremity of the peninsula lies on the main trade route of the East. 
These geographical dissimilarities are fundamental in explaining the difference 
in population. Malaya's geographical position has been favourable, not only 
for an influx of people from Sumatra in ancient times and from China and 
from India in more recent times, but for that ebb and flow between it and 
these countries, and for that personal and political contact and connexion 
which has long existed between it and India and which I regard as so important. 

On the other hand it is necessary to observe, in connexion with 
external capital and trade, that British Guiana is much closer to 
England and the world-markets than is British Malaya—at least 
in mileage. The . distance from Georgetown to London by steamer 
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is 4,078 miles; from Singapore to London, the distance is 8,386 
miles. The distance from Georgetown to New York and Halifax 
(Canada) is 2,500 miles and 2,788 miles; whereas the distance from Singapore to 
New York is 10,141 miles. Against this it may be noted that the freight 
charges per cent, of the values of a ton of produce shipped from Malaya to 
London is much less than in the czse of British Guiana. And again, Singapore's 
very distance from London and New York is in fact an asset. It is the central 
world position that counts. As to contact with the Mother Country, in these 
days of rapid communications mileage is not a serious obstacle in administra¬ 
tive and commercial directions. 

But geographical position is not in itself sufficient to attract population and 
capital. There must be internal resources and internal features which are 
advantageous, or rather, features that are not seriously disadvantageous. 
Or else there must be external pressure. Both have operated. The principal 
resource of Malaya which in the first instance attracted people and has been 
largely responsible for her development, is tin. It has been tin that has 
attracted the Chinese and the early development of the country was largely 
due to these energetic, clever and enterprising people. Unlike gold and 
diamonds in British Guiana, tin in Malaya has been a relatively permanent 
(though not less easy) industry. But tin and the Chinese alone, however, 
could never have made Malaya. Malaya of to-day has been made by British 
political administration of a high order, by British capital and by British 
organisation, and more than anything else, perhaps, by the development of an 
efficient agriculture rendered possible by the pressure of over-population in 
India. 

What has delayed the development of British Guiana in this way ? 
Admittedly tin has been a great resource-factor in Malaya; but plenty of 
countries without extensive deposits of valuable minerals have developed 
and even British Guiana shipped £1,033,014 worth of diamonds in 1923. One 
can only conclude that although, as we have seen, her geographical isolation 
has been and is a drawback, there must be internal geographical differences 
between the two countries, and possibly a different psychology inherent in 
the ruling inhabitants. 

Again asking you to look at the maps before you. I will endeavour to show 
you that British Guiana, imlike Malaya, suffers on.account of her rivers and 
sea and topography. Where, on the British Guiana map the black dots 
lie along the coastal lands you have a great flat region of heavy soil lying, 
for the most part, below sea level at high tide. In spite of most of it being 
well drained by canals considerable areas are flooded in the rainy seasons, 
and apart from the presence of anophelene mosquitos, the conditions are not 
favourable to health and comfort. That is only one point. From a purely 
economic aspect the great, disability lies in having to prevent encroachment 
of the sea, and the expense of buMng defences has been and continues to be 
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a drain on the limited financial resources of the Colony. Again, at the mouth» 
of the rivers are muddy bars which are responsible for the limited harbour 
&cilities which I have already described. These bars could not be adequately 
dredged or harbour works constructed except at enormous expense. Lastly, 
we have to consider the rivers. These, though they be the principal means of 
internal transport (as the canals are for agriculture on the coastal flats) are 
not navigable for large craft for mote<than 6o miles inland and beyond this it is 
difficult for small craft on account of the dangerous runs and falls. But 
the main geographical feature of the British Guiana rivers is that they divide 
the whole country into five more or less water-tight compartments or “ inland 
islands.!' This is shown fairly clearly on tiie map. The Government river- 
steamer services are fundamentally designed to overcome, as cheaply as 
possible, this geographical disadvantage. 

General Considerations. —I. 

So far, I think, we have been able to illustrate the possible political and 
educational value of broad geographical comparison, and I thi^ you will 
have seen that the fundamental reasons why British Guiana is less developed 
t&an Briti^ Malaya are these: firstly and mainly, because she occupies an un¬ 
favourable geographical position; secondly, because her mineral resources 
have not been so lasting and extensive; thirdly, because she suffers from 
geographical disabilities in respect of the sea, the rivers and topography. 
There is nothing very technical in these conclusions, but I think they are 
illuminating and indicate a field for more intensive study throughout the 
tropical regions of the world. 

Population Characteristics. 

Having considered general geographical similarities and dissimilarities, the 
kind of research which I am advocating would next give its attention to the 
relative industrial and administrative efficiency of such people as each 
country has got in relation to resources and environment. 

We should, however, consider the characteristics and condition of the 
people, apart from industry, first. I propose to do this very briefly and 
superficially in regard to the peoples of British Malaya and British Guiana. 
Incidentally this wiU give us a clue to a question which must be occupying 
your minds, namely, why has not the population of British Guiana grown of its 
own accord ? 

Concerning racial composition, the Malayan population is mainly composed 
of Malays (natives but not aboriginals) 49 per cent., Indians (from India) 
X4 per cent., Chinese 33 per cent., and Europeans 0.4 per cent.; that of 
British Guiana is mainly composed of Indians (from India) 42 per cent., 
Negros 39 per cent., mixed race 10 per cent., and Europeans (including 
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Portuguese) 4 per cent. I have not time at my disposal to consider these 
figures, but they are very important and full of significance. 

Now as regards total population, that of Malaya during the decade 2911-21 
increased by 25.6 per cent., whereas that of British Guiana, during the same 
period, increased by only 0.56 per cent. The former increase was largely the 
result of immigration, but to a considerable extent the outcome of natural 
increase among the native Mala}^. The latter increase was due to a slight 
total increase among the ** Mixed race," and possibly to the development of 
one or two new industrial ventures. The essential point is that for a good 
many years the population of British Guiana has been practically stationary, 
if not, at times, declining. This has been due to the fact that the average 
death rate is very nearly equal to the average birth rate, and to the fact that 
immigration from India was stopped for political reasons, in 1917. But I 
would like to emphasise that statistics show that British Malaya is little better 
than British Guiana in regard to high death rate and the balance between 
births and deaths, and it will be clear that natural increment of population is 
a problem common to both regions, and one, of course, which is closely 
connected with local sanitation, racial susceptibility and geography. 

Of considerable economic significance is the difference of tropical populations 
by age and literacy and languages. Of the total population of British Malaya 
in 1921, 28 per cent, were under 15 years of age (and therefore relatively non¬ 
productive economically); in British Guiana, 32 per cent, were under 15 
years of age. The number of children is to some extent affected by disparity 
between the sexes being pronounced amongst the Chinese of British Malaya, 
who until recently have left their wives in China. It is affected, of coxuse, by 
infantile mortality, which is high in both countries. As to literacy and 
languages, 90 per cent, of the people, even in the towns of Malaya, are unable 
to speak English and only 50 per cent, are literate in any language. In 
British Guiana nearly all the people in the towns speak English and 43 per 
cent, of the total population claim to be able to read and write English. In 
other words, except for the East Indian element the people of British Guiana 
are " Europeanis^ " and are blending. In British Malaya the vast majority 
are strictly Oriental and to a great extent in a state of racial segregation. 

Finally, I must say a few words in regard to political constitution. This is 
a very potent factor in regard to tropical development and deserves far more 
deep scientific study than it has received* It should, like most points in this 
paper, be approached historically if time would permit. It will be sufficient 
for our purpose to mention that British Malaya, though an economic unit, 
is a politick complex. Its Government is a combination of Crown Colony, 
Protectorate and Advisory administration, but all is under Briti^ 
suzerainty, and in connexion with the last mentioned admix^tration, 
British advice is followed by the native rulers. The constitution df British 
Guiana is different. Although a Colony it is not a Crown Colony or a 



322 JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Ftb. SO, 192a. 


Protectorate, for it has a limited franchise and its internal finances and 
legislation are mdnly in the hands of what are called the Court of Policy and 
Combined Court. In other words, British Malaya is largely administered, 
both politicaUy and industrially, from London, whereas British Guiana 
is largely, though not entirely, administered from Georgetown. 

Relative Industrial Efficiency. 

We now come to the consideration of the people’s occupations. The principal 
products of British Malaya at the present time are, in order of the importance 
of their export values: rubber, tin, copra and spices, and it was the values 
of thes^ which principally comprised the £78,714,225 which I have already 
given as the total value of the exports for 1923. In the case of British Guiana 
the chief products are sugar and its by-products, diamonds, balata, rice, 
and timber, and the values of these similarly comprised the to,>l value of the 
exports of this country in 1923, which I quoted as £3,757,647. Now in my 
remarks on relative resources from a general geographical stam :point, I laid a 
good deal of emphasis on the importance of mineral wealth >ecause of its 
powerful psychological or attractive characteristics, not becauie the mineral 
wealth of the two countries is fundamental in regard to present and future 
prosperity. Apart from the fact that rubber and sugar Jake first place in the 
exports, it will be quite obvious—-or it would be if we went into mining and 
other details—that the mainstay of the two countries must be industry based 
on agriculture and forestry. 

Knowing the nature of the principal industries, our Jiext task is to consider 
their geographical distribution. This, of course, if we include all occupations, 
is practically the same thing as considering the distribution of population 
and resources. Referring again to the sketch-maps you will see that the 
distribution of the people in both countries is dominantly coastal. This 
is a characteristic feature of tropical human geography, at least in countries 
where Europeans are settled, and is connected with soil resources, climate 
and efficiency of transport. In Malaya, the rubber is produced mainly in the 
middle west, in the Federated States. Coconuts occur all round the coast, 
but mainly on the west. Rice is produced in the flatter districts of the north¬ 
west and north-east, but also in 10 to 20 mile patches all round the country, 
especially along the rivers. Tin is cdso widely distributed, but mainly 
oixurs in Perak, Selangor on the west, and in the east in Kuantan. In 
British Guiana, sugar, rice and coconuts are all produced within the 40 mile 
wide coastal belt; diamonds are mainly secured along the Mazaruni river in 
the interior where two dots are seen; timber mostly from within the region of 
accessible forests, which does not extend more than about 100 miles inland. 
Balata comes mainly from the far interior and some catfle are raised on the 
elevated pastoral savannahs of the extreme south-west. 

A limited number of people along the coasts of both countries are engaged 
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in fishing. The great commercial centres are, of course, shown by the black 
" splodges " at Singapore, Penang, and Georgetown in British Guiana. It 
cannot be effectively demonstrated on the maps, but it should be noted that 
the black splodge at the port of Singapore represents as many people as there 
are in the whole country of British Guiana. 

A large amount of work remains to be done in regard to correlations in 
these industrial distributions, but the field of research which I want to emphasise 
particularly is the study of the relative efficiency of the industries them* 
selves. This involves economic measurement and investigation designed 
to enable us to make suggestions for improvement which do not involve any 
considerable increase in capital expenditure. The measurement, which is the 
first procedure, would involve the determination of (a) costs of production 
on a standardised and statistical basis, (b) costs per cent, of capital invested, 
(c) labour employed per unit of output of produce, (d) cost of living, and 
other matters as might be required. The investigation of efficiency would 
also be concerned with labour efficiency and efficiency of management on 
the lines of the well-known work in industrial psychology and physiology of 
Europe and America. Our aim would be economy of labour with increased 
output and less fatigue.* We need to understand more about the so-called 
tropical laziness; and whether, for intance, the labourers of British Malaya 
are individually and collectively more energetic and willing or less so than 
those of British Guiana. This is a very important factor in development and 
industrial efficiency and has never been measured, as it could be, in the tropics. 

These are technical matters and it would be quite out of place for me to 
attempt to discuss methods and details. The central idea which I would 
like you to keep in mind is economics on a geographical basis. The fundamental 
idea is regional. In the first part of tins paper we considered development 
from the standpoint of each country as a whole and in relation to the broadest 
factors of environment. We are now narrowing down into industrial or 
occupational regions and we can, if we please, narrow down to such an extent 
that our fundamental region of investigation is a single agricultural estate 
or mine. In Trinidad, in the West Indies, I have measured costs (with proper 
apportionments) even for individual fields. But we must never be parochial, 
never lose sight of national aspects and world aspects. 

The principal world aspect of the industries of British Malaya and British 
Guiana is that the output of rubber and tin from the former country is, in 
each case, a predominant part of the world output; whereas the output of 
sugar from British Guiana is only an infinitesimal part of the world's 
sugar supply. Except for the supply of green heart timber and perhaps balata, 
the world would not be inconvenienced if British Guiana entirely disappeared; 
but if British Malaya suddenly disappeared hundreds of world industries 
would be absolutely dislocated. 

* The results of some experiments by the writer on this subject are being published in 
the Journal of the National Institute of Industrial Psychology. 
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I have selected a few figures and statements to illustrate to you what 
I mean by the measurement of cost-efficiency in these two countries. 
But the point is, that although they are significant up to a point, they are not 
absolutely scientific from the standpoint of mathematical statistics and cost 
accountancy. 

During 1922-23 the average " all-in ” cost of rubber in Mala3ra was calculated 
to be 8.3d. per lb. This compared with pre-war costs indicates a very high 
standard of efficiency, but it is not as high as the efficiency in Ceylon, where, 
during the same year, the average cost was y.gad. per lb. To quote Maclaren 
(Resources o| the Empire Series) " Ceylon as a whole enjoys lower costs of 
production than any other rubber growing country without exception." As 
regards sugar in British Guiana I have been given figures which show that 
the f.o.b. cost per ton is considerably higher than in Cuba (figures for vdiich 
have been published by the United States Tariff Commission). The inefficiency 
in British Guiana is not due to inefficient factories for the manufacture of sugar, 
but to a low output of sugar per acre and the high rate of wages obtaining 
(2/6 to over 4/- per day, compared witb less than i/- per day in Malaya). It 
is claimed that sugar does not pay in British Guiana at present market prices. 
Coming now to the mining industries, the cost of returning clean tin ore in 
Malaya on mines efficiently equipped is probably between £30 and £60 a ton, 
and must obviously leave a wide margin with tin at £200 a ton; and although 
this is too vague to enable us to measure efficiency exactly, the range is 
wider than in Nigeria, where tin is also produced in large quantities. The 
cost*of producing diamonds in British Guiana I do not- know. It is an 
individualistic, adventurous occupation mainly in the hands of negros. But 
it is instructive to divide the total value of the exports in 1923 by 10,000 
(roughly the number of people employed). This gives an output of only 
£103 worth of diamonds per head, which I think proves either that not all 
of the prospectors are rising much money or that some of the diamon ffg 
are not being declared to the Government before shipment. 

Let us next consider the labour employed per unit output in British Malaya 
and British Guiana. In Malaya, to produce joo tons of rubber it takes, on 
an average, about 250 labourers; to produce 100 tons of tin, 240 labourers ; 
to produce 100 tons of rice, 170 labourers. In British Guiana to produce 100 
tons of sugar takes only 33 labourers. But when we calculate the value 
of the output per man we find less variation. With rubber at 1/3 per lb., the 
value per head in Malaya is £60, and with sugar at £18 per ton, the value 
per head in British Guiana is £55. 

A most important economic question in the tropics is local food production. 
As a general rule the more developed countries, although agricultural, 
import most of their food supply. Rice is the fundamental commodity and 
in regard to the production of rice British Guiana not only excels over British 
'Malaya in outimt per head of population, but also in 3deld per acre. I regard 
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the rice industry of British Guiana as a great achievement and it is likely to be 
the telling factor in any kind of immigration or settlement scheme of the future. 

We may conclude this section with a few brief remarks concerning transport 
and commerce. Obviously from what I have already said concerning road and 
railways, transport is very efficient in British Malaya and, except for the canal 
transport of sugar-cane, very inefficient in British Guiana. River freight 
rates for supplies to the British Guiana* diamond fields from Georgetown range 
around £33 per ton. The journey takes about 3 weeks and the direct 
geographical distance is only about 150 miles. Compare this with |d. per 
ton per mile for freight on the Malayan railways and with the freight rate for 
a ton of sugar from Georgetown to London, which in 1923 was 25/- to 27/6 
per ton for a journey occupying only 17 days. But in regard to ocean freight 
generally the rates are high in both countries and in some respects anomalous. 

From the point of view of this paper the chief importance of transport is 
the fact that it is a factor in cost of production and the same applies to 
commercial activities and services involving commission charges. Commodities, 
in their economic journey from the point of production to the point of consump¬ 
tion, both inwards and outwards, get their costs increased accumulatively. 
This is essentially geographical because we are really concerned with distribu¬ 
tion, which, to my mind, is even more important in the world to-day than 
production. But in the sense of world supply and demand, distribution is 
really a question for the academic economist and statistician. Closely 
connected with it is that important study—the study of markets and marketing, 
which does come within the range of this paper, but cannot be dealt with on 
account of the limited time at our disposal. 

General Considerations. —II. 

In regard to industrial efficiency I have endeavoured to indicate the need 
for the geographical study of distributions and costs and the specialised study 
of labour economy. Concerning the relative industrial and commercial 
efficiency of British Guiana and British Malaya it has been shown, I think, that 
the standard, on the whole, is higher in Malaya. We must not, however, be 
carried away by the vast difference in the value of the total trade of each 
country. As I pointed out at the beginning of this paper, there is all the 
difference between the total national wealth and the wealth per head of each 
country's inhabitants. You cannot even measure prosperity by money at 
all, under some tropical conditions. • Certainly the average inhabitant of 
British Guiana is better off financially, I think, than the average inhabitant 
of Malaya, but I doubt whether he is in all that goes to constitute prosperity 
and welfare. Our great concern, our great motive in studying industrial 
efficiency is to assist existing populations to get more out of what they already 
possess, and I think that this is a line to take in British Guiana, because it 
would automatically lead to expansion. 
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Efficiency in Administration. 

Government plays a very active part in tropical development, and, therefore, 
efficiency in public administration is an economic study. Taking a general 
view, I think that apart from finance and communication and transport, the 
principal considerations affecting tropical development are Government policies 
connected with (a) land administration, (b) forestry, (c) public health, (d) 
scientific research. Sound policy in regard to land, administration is 
fundamental and a study of the history and present conditions of land tenure in 
the different tropical countries would well repay the labour involved. The 
accepted principle now, I think, is that the land belongs to the people, that 
while laiiid may be alienated in perpetuity it must pay rent to the State and 
this rent must be periodically revised on the basis of extrinsic improvements 
like roads. It must also be subject to conditions in regard to efficient 
utilisation and the State must reserve certain rights in regard to mineral wealth 
and public works. The periodical rent revision is an essential point and it 
is worthy of note that while this is provided for in British Malaya it is not 
provided for in British Guiana. 

Connected with land administration and underlying it is Ordnance Survey. 
Tropical countries differ widely in respect of Survey developments, and you 
wiU note on the sketch-maps that while most of the States of Malaya are 
divided into districts, British Guiana has practically no demarcations in this 
respect. Another important ^int is the relatively small size of the Malayan 
districts; they are much smaller than the districts of India. This encourages 
efficient district administration. » 

Colonial economic policy in regard to forestry is ^0 important. On it 
depends the conservation of vast resources, increased production at reduced 
costs, and protection from soil denudation. For years British Malaya has 
had an efficient Forest Service and the reserves in the interior of the cotmtry 
are extensive and scientifically administered. It is only recently, within 
the last year, that British Guiana has established a proper Forest Service, in 
spite of timber and balata having been important but gradually receding 
sources of wealth for many years. 

It is scarcely necessary for me to say much concerning public health. I 
have referred to this subject, at any rate indirectly, so often in the course 
of this paper. It is clearly fundamental in economic development in the 
tropics and the great work that has been done in Malaya may best be studied 
in Dr. Malcolm Watson's book, The Prevention of Malaria in the Federated 
Malay States." 

Regarding scientific research, by which I mean specialised research in the 
natural sciences, it is evident that this is also fundamental nowadays for 
disclosing and measuring resources, in overcoming natural difficulties and 
obstacles and for bringing to light fresh facts and principles not merely of 
regional but of universal interest and importance. It is in connexion with 
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agriculture and public health that scientific research finds its greatest fields of 
economic importance in the tropics and in regard to the former, at any rate, 
British Malaya, and in relation to her financial resources, British Guiana, are 
admirably cared for and progressive. 

Conclusion. 

In preparing this paper I have been, all through, face to face with a very 
serious difficulty, namely, that of keeping the side and main issues perfectly 
clear and distinct. The side issue is the difference between economic conditions 
in the two countries I have dealt with, and the problems and questions arising 
from bur analysis. The main issue is the point of view, the philosophy and the 
nature of the kind of research I am advocating. I feel I have not been very 
convincing as to the capacity of this research to find out anything really new 
and practically useful. You may think it is interesting merely from an 
administrative point of view. You must believe me when I say that I have 
intentionally kept to generalities and contented myself with easy 
spectacular illustrations as is appropriate with a non-technical audience. 
This is no place to discuss rainfall conelations, or the statistical 
•measurement of the relationship between race and thrift, or the 
apportionment of general charges on a rubber estate. In any case. 
I can assure you that in this country and in the Empire, eco¬ 
nomic research such as I have so sketchily illustrated in this paper is at 
any rate new. It is only just starting in the United States of America, where 
they are beginning to analyse not only their own territories but ours, more 
or less froin the points of view in this paper. I maintain that a systematic 
study of the British tropics along the lines suggested, and deep 
in places, would not only assist in economic development, but would 
intellectuallv increase our world prestige, cost very little, and lead in the end 
to a much better imderstanding and closer sympathy as even this paper may 
in regard to the colonisation of British Guiana. 

I have to add that I could not have given many ol the details in this paper 
but for the whole-hearted assistance rendered me by the Malay Government 
Agency, by the Government Trade Commissioner for British Guiana in 
London, and the Imperial Institute, to whom I tender my thanks. 

(At the conclusion of the reading of the paper, the Chair was vacated by 
Sir Halford Mackinder and taken for the remainder of the meeting by Colonel 
Sir Charles E. Yate, Bt., C.S.I., C.M.G.) 


DISCUSSION. 

The Hon. W. Ormsby-Gore, M.P. (Under Secretary of State for the Colonies), 
in opening the discussion, said the author had given a most valuable and suggestive 
line of thought on what be had described as his main point, namely, ^hat very 
little had been done in the British Empire in the direction indicated, which was. 
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unfortunately, true. He had just been reading a report, not yet published, by Dr. 
Shantz, of the Department of Agriculture in Washington, on the territories which 
he (the speaker) had just been visiting, namely, the liritish territories in East 
Africa, which showed an extraordinary power of trained observation very much 
on the lines suggested in the paper, i.e., an attempt to take the historical and the 
sociological background into consideration on purely agricultural problems. 
Nothing could be of more value in teaching, not merely those engaged in adminis¬ 
tration, but those engaged in comme!^ce, all the factors which had to be faced in 
a comparative study of that kind, in aii Attempt to get the economic survey away 
from a narrow view of economics on to a much wider plane. The last time he 
attended a meeting of the Royal Society of Arts was when he took the Chair for 
the former Minister of the Belgian Colonies, who read a paper on “ Recent Develop¬ 
ments ii^ the Congo.” The burden of that paper was population and transportation,, 
and those were the two great factors in all economic progress. He could not 
help thinking, in listening to Mr. Dunlop's paper, that those were the two factors, 
which were more than anything else the reason for the contrast between British 
Malaya and British Guiana. The trouble was that in both cases tfie Biblical 
maxim was true, ” To him that hath shall*be given,” 7.^., if a country had population 
it tended to attract more population and if it was on a great transpoit route 
of the world all the subsidiary transport services went there also. 1'he trouble 
with British Guiana was that, starting with practically no aboriginal population, 
then having a negro slave population fdt some time until emancipation, and since 
then indentured labour from China and India, it had not yet possessed the natural 
magnet which attracted the free flow of population for the development of great 
resources. Further, although there were almost exact similarities of latitude and 
rainfall and very similar soil conditions in the two countries the fact must be 
recognised that British Guiana was in a part of the world which had so far baffled 
humanity. But it did not stand alone. It was not as if British Guiana was 
the one undeveloped part of a rich area of the world. It was, as a matter of fact, 
he believed, almost the most developed area of all the vast territory lying between 
the Orinoco and the Amazon. It was a curious fact, too, that practically the 
foundation of the rubber industry was in that part of the country. Para rubber 
came from the Amazon basin, but its successful cultivation and economic develop¬ 
ment had taken place, not in tropical South America, where it naturally flourished 
to the best advantage, but as an entirely imported, extraneous, non-indigenous. 
product in British Malaya and Ceylon. The first fact to be considered, as he had 
said, was population, but there was no S9uth American population to go to British 
Guiana. British Guiana, which was wholly tropical in character, was never going 
to be prosperously developed, except by a tropical race. Indian immigration was*, 
tlie most hopeful, because Indian people had been the most successful in British 
Guiana, but if the undertaking was to be successful the Indians must be very largely 
Indians from Southern India. It was in the gradual development of the Indian rice 
cultivator and the Indian farmer settler that the best chance lay of the develop¬ 
ment of British Guiana. With regard to transportation, the mere fact that large 
steamers could not enter the ports of British Guiana set that country at a geographical 
disadvantage in the modem world. He had seen sometliing, during his recent tour, 
of the terrific handicap to development of inadequate harbour facihties along the Coast 
of Africa, where it was only a question of expenditure of money to make them quite 
first class; and in the modem world competition for raw materials the establishment 
of adequate harbour facilities was of prime importance. With regard to railways 
some people were apt to think that it was only necessary to put a railway down 
and then, as in the case of the Canadian Pacific, everybody would be happy ever 
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afterwards. That was a great fallacy. It was absolutely essential, before 
embarking upon railway transport, which was very expensive to construct, par¬ 
ticularly in a wet country like British Guiana, to be exceedingly careful. Various 
suggestions had been made from time to time as to how a commencement should 
be made to develop a country like British Guiana, and the more he thought it over 
the more he was convinced that it would never be developed except in two ways, 
firstly, the very slow development of India settlers pegging away at agriculture, 
.gradually clearing and taking up the land that was lying waste for anybody to 
have at the present moment, and growing the excellent crops which could be grown 
there ; and, secondly, something in the nature of a big development company. It 
was a psychological fact, however, that a big development company could not be 
formed in countries of that kind unless minerals were present. That had been the 
case in Rhodesia and Malaya, which, through their minerals, had attracted British 
capital. British Guiana probably liad big mineral resources, although nobody 
knew where they were or what they were at present; but sooner or later somebody 
would find mineral resources in that country, and then there would probably be 
a rush of population and capital. Similarly the question of the discovery of cheaper 
and more ctiticient transportation in the tropics was a problem which was worthy 
of the most serious consideration. People laughed at roadrails and other new 
ideas, but every one of them ought to be examined on its merits in case something 
turned up which would prevent a setback to all schemes of development, which 
came from the great difficulty of getting public or private capital to open up new 
countries with transport facilities unless they were absolutely assured of how 
many tons a year they would be able to carry and whether the debentures would 
be able to earn their interest. The paper was of particular value to him, and in the 
paper on East Africa that he would have the honour of reading before the Society 
later in the year, lie should pursue in several cases exactly the line of thought 
which the author had opened up. 

Sir Wilfred Collet, K.C.M.G., LL.B. (late Governor of British Guiana) said 
that in tlic immigration system which was adopted in connexion with British 
Guiana it was agreed with every immigrant that if he wanted to go home again he 
should be sent back by the Government. That, of course, was not the way 
to keep a population. The Indians who were able to find wives settled in 
the colony, which was much healtliier than was generally thought. If there were 
a lot of single men in the colony who died without children the death rate was 
naturally large ; but, as a matter of fact, the death rate of the colony was not nearly 
as bad as people imagined. If the number of East Indians born in the colony in 1911 
was compared with the number born in 1921, it would be found, according to the 
census returns, that the increase was 27 per cent. The colony had recently been 
obliged to send Indians back to India, and had not been allowed to bring Indians 
in, which had had an i nfavourable eftect on the census returns. A number of those, 
however, who were sent back returned to the colony at their own expense. There 
was a very large population in India, many millions of whom were probably better 
off than the Indians in British Guiana, but he had seen the Indians who came to 
that colony, and knew that their descendants were a very much finer race of men 
than their ancestors, and were doing very much better than they could possibly 
have done in their own country. The introduction to British Guiana of immigrants 
of that class was, therefore, not only of benefit to the colony, but to the immigrants 
themselves, while it was also of benefit to the over-populated parts *of India, 
Immigration of that class ought to be encouraged ; if it was not, the colony 
would have to get on without such help, and its progress to a certain extent 
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would be slow. There was very little opportunity of obtaining population 
from the British West Indies, because there was not sufficient population 
in the West Indies themselves. Barbados was the only island which was over- 
populated. Of course, there would be a considerable increase of population by 
natural increase, whether there was immigration or not, but there was room for 
quite 20 million people eventually in the colony. British Guiana was capable 
not only of great agricultural, but also industrial development. Not only were 
there minerals in the country, but enormous water-power, which at present was 
running to waste, because it happened to be at a distance from the coast. He 
doubted whether any country, except Canada, would be better supplied eventually 
with water-power from natural sources; But population was urgently necessary, 
because'at the present moment when any new undertaking was begun labourers 
were taken away from an existing industry to start the new one, with a very dis¬ 
turbing effect. With regard to the present Constitution of British Guiana, if the 
United Kingdom would take sufficient interest in British Guiana and ^^e that it 
had the opportunity of bringing in settlers they would either find the Constitution 
as it worked at present sufficient for the purpose or the people would agree to have 
it altered. The British planters and their predecessors who founded the colony 
could not, he thought, be charged with want of enterprise or of grit. Governors 
who had had to deal with them at times found that they were extremely obstinate, 
but they were just as obstinate in times of reverse as in times of prosperity. It 
did not matter how bad things were, the settlers stuck to their work and pulled 
through, as they had done quite recently. 

Mr. H. Hamel Smith, in speaking on the question of attracting settlers to a 
country, said that in a book he once wrote on the rubber industry of the Amazon, 
he informed the Brazilians that unless Japanese, Chinese or other immigrants 
were introduced, not only into the Amazon region, but the semi-arid regions, from 
which they were drawing labourers, to tap the trees, not only would the population 
never increase, but they would find it decreasing year by year. He could not help 
feeling that, if any good was ever to be done in British Guiana, some nucleus of 
colonisation on the same lines must be obtained. In another book he wrote 
on coconuts. Lord Leverhulme in the preface called attention to what had been 
done by the railways in Canada in establishing settlements, putting up houses and 
fences and leaving areas between the houses for future use. ' Lord Leverhulme 
claimed that where that had been done no money had been lost to the companies. 
The people when they came out to the colony had a home to go into, and they 
immediately started earning money by building homes for other immigrants. 
If the supply was not equal to the demand it was, of course, necessary 
to build more houses. In the case of British Guiana, the trouble was which race 
of people were to be put into the houses, and he still favoured the Chinese or the 
Japanese for the purpose, because China and Japan had a surplus population. 
If more Indians were introduced into British Guiana trouble would, ensue, because 
with every anna rise in wages in India there was an outcry against the population 
being allowed to emigrate. The Chinese were very good gardeners, very quiet 
in their habits, and they could be used to do the spade work m a rather difficult 
situation. If that were done other people might be induced to immigrate to 
the country. The great difficulty was that it was necessary to have tropical people 
to develop the tropics, and there was not sufficient anywhere to move from one 
part of the tropics to another. That was the chief reason why he strongly advocated 
that attention should be turned to the over-populated countries of Japan and 
China, with the object of opening up Britiiffi Guiana and establishing homesteads. 
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When his father first went to British Guiana there were some very good establish¬ 
ments founded by the Jesuits right away in the forest, and they became self- 
supporting. He thought at a pinch a start might be made on that basis ; if that 
was not done he did not think British Guiana would ever develop until, as Mr. 
Ormsby-Gore said, a lucky prospector found some minerals in the country. 

The Chairman (Sir Charles Yate) said it was news to him that British Guiana, 
although a British Colony, was not a Crown Colony or Protectorate, and that its 
internal finances and legislation were mainly in ^e hands of what were called 
the Court of Policy and Combined Court. He did not know what a Court of 
Policy meant in the British Constitution. Personally, he would prefer to see 
British Guiana a Crown Colony and administered from London, just as British 
Malaya was. So far as could be judged from the paper and the discussion, the 
administration at Georgetown had not produced very great results, much being 
wanting in many ways. He supposed the Constitution liad been inherited from 
the Dutch, but whether it could be altered or not he did not know. It looked, 
however, as if it required a little ** gingering up,'* and he hoped something would 
be done in that direction before long. He trusted that, as a result of the 
reading of Mr. Dunlop's paper, British Guiana would receive more attention from 
the British public. He had been astonished at the enormous cost of the freight 
from Georgetown to England, and could not understand the great difference in 
that cost as compared with Malaya, which was double the distance from 
England. Probably the want of harbour accommodation militated against 
British Guiana in that respect. He noticed that the relative size of the 
Malayan districts was much smaller than those in India. In his opinion, the 
districts in India were far too large, and he had advocated that the Governorships 
should be immediately reduced by at least one half. He was entirely in favour of 
Lord Curzon’s preference for Chief Commissionerships rather than Lieutenaiit- 
Govemorships. When a Legislative Council had a population of 50 million people 
to deal with, he did not think any Eastern Council that had yet been established 
was capable of administering the Province satisfactorily. There was evidently need 
for the establishment of a Forest Service in British Guiana. India had established 
one of the best Forest Services in the world. He hoped British Guiana would be 
able to obtain the loan of some of India's highly-trained officers. With regard to the 
future population of British Guiana, as the author stated, the immigration of Indians 
was stopped in 1917, and there had been a good deal of agitation in India about 
indentured labour leaving the country'. Mr. Hamel Smith had advocated the 
introduction of Chinese and Japanese. But it must be remembered that many 
parts of China and Japan were cold, and he did not know whether the inhabitants 
from those districts would be fitted for work in the tropics. Personally, he hoped 
the ban on Indian immigration would be removed, not that India had a much 
greater population than it required for itself, because labour was getting scarce in 
India, but a great many Indians had gone to British Guiana, had established 
themselves there, and made high positions for themselves, and others he hoped 
would do the same. 

Dr. J. Augustus Voelcker, in proposing a vote of thanks to the author for 
his valuable paper, thought Mr. Dunlop had made out a complete case for the 
study of economics in this relation, and he had, moreover, shown the right 
way in which economic proposals should be taken up. He was sure there was 
a desire on the part of many people that economists should go further still and 
give their opinions in respect of the causes of the great differences that were found 
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in different colonies. While the paper was being read, he had endeavoured to come 
to a conclusion in regard to the real causes of the wide differences between Malaya 
and British Guiana. Was it due to the fact that the more British there were in a 
place the worse it was ; was it due to the political conditions ; was it due to the fact 
that wages were higher, or to the defects of distribution, or because the people of 
British Guiana were lazier than those in Malaya ? Although the author was an 
economist, he did not give the audience very much guidance as to what was tlie 
primary cause of the difference. The Under Secretary of State had gone a 
good deal further and hinted at some very clear causes, but whether all 
would agree with him was another matter. One conclusion they could not 
help drawing was that the less Government had to do with a colony the better. 
Mr. Ormpby-Gore observed that there were two main remedies, the influx 
of population from India, and the finding of minerals, his contention being 
that if a country did not contain minerals it was not a bit of good. Personally, 
he was not prepared to accept that statement, more particularly in view of the 
enormous riches that had been produced from the development of rubber, coffee 
and many other agricultural industries,. This had taken place in countries in 
which minerals had not been discovered at all. He could quite understand that 
American speculators would not put their money into agriculture; no wise man 
did that nowadays, unless there was a chance of black diamonds ’ ’ being found, but,, 
personally, he was loath to believe that the existence of minerals was of itself a 
necessity for the prosperity of a country. Every one welcomed the growing 
interest that was now being taken in the colonies. The Royal Society of Arts 
had not been backward in fostering that spirit, and several papers had been read 
at its meetings, urging that greater attention should be paid to the resources 
of the Empire. The Exhibition at Wembley had brought home to the people 
of this country the possibilities of our oversea possessions, including British 
Guiana, and it was now only necessary to get the economist to decide the causes 
of the non-development of particular areas and then get the capitalist to supply 
the money. He pleaded for the necessity of greater scientific attention being 
directed to the points involved. It had been made quite clear in regard to agri-> 
culture that there could be a considerable increase in the outturn of sugar by the 
adoption of better methods and the growth.of better varieties, and the same remark 
applied to many agricultural industries, such as rubber. He hoped greater 
enthusiasm would be exhibited on the part of the people of this country in regard 
to the colonies, and the paper that Mr. Dunlop had read would, he was sure, lead 
to that desirable end. 

The motion was carried unanimously. 

Mr. Dunlop, in replying to the vote of thanks, said Mr. Ormsby-Gore had raised 
the question why there should be a rubber industry in Malaya and not in British 
Guiana, which was situated in the Amazon region, the natural home of the Hevea 
tree. The reason was that in the Amazon region a leaf disease existed which was 
one factor in preventing the cultivation of rubber, even if labour existed. At. 
present that disease had not reached the Federated Malay States, due to the fact 
that the spore lost its vitality in travelling across the Atlantic; but if any one 
carried a culture of the spore from British Guiana to Malaya it ir ight cause the 
destruction of millions of pounds worth of British capital and ruin the rubber 
industry. There were also scientific explanations for other pomts raised by Mr. 
Ormsby-Gore. Dr. Voelcker had stated that the paper did not explain the causes of. 
the differences mentioned. He (Mr. Dunlop) thought it did to some extent, but 
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in any case the paper was chiefly written from the point of view of suggesting 
lines of investigation, and not primarily to solve the great problems connected with 
British Guiana. 

Professor Lilian Knowles, Litt.D., writes :—There is no doubt whatever as 
to the importance of the British Tropics in the economy of the world to-day. In 
an age which travels on rubber tyres and walks on rubber heels : which is largely 
dependent for its supplies of soaps, candles, margarine, paints and lubricants 
on palm oil, copra and tropical oil seeds ; which consumes cocoa in increasing 
quantities, either as a drink “ grateful and comforting," or in enormous quantities 
as chocolates; in which much of our wheat reaches us in gunny bags made from 
Jute; in which our linoleum and some of our carpets and rugs are also packed 
with or made of jute ; in which sugar and tobacco are in increasing demand all 
over the world ; in which binder twine, used wherever agricultural machinery 
is employed, is made from sisal hemp; in which there is a threatened famine 
in raw cotton ; and in which tropical and sub-tropical fruits and such universal 
stimulants as tea and coffee come from the tropics or sub-tropics, there can be no 
two opinions as to the overwhelming importance of the study of tropical economic 
problems. The tropics are, however, not merely important as yielding indis¬ 
pensable commodities, but if they can sell they can buy, and* they afford growing 
markets for engineering and textile production of all kinds. Railway equipment, 
harbour equipment, drains and water pipes are all part of the return payment 
(ireat Britain makes for tropical products. As the native inhabitants of the 
tropics increase in wealth they demand more cloth, scented soap, bicycles and 
even motor cars. I have little doubt that the nation which controls the tropics 
will in the twentieth century control the most important raw materials and the 
growing markets of the world. 

An attempt was made to relieve the depression in England caused by the 
Napoleonic Wars by abolishing the trading monopoly of the East India Company 
in 1813, and so opening the trade with India. Since the war of 1914-18 a similar 
attempt is being made to develop the British Tropics to relieve the after-war 
depression. It is important that this should proceed on right lines. Thus, at the 
moment, there is a special urgency to consider the possibilities of our tropical 
possessions, and Mr. Dunlop, in his paper, has shown us one valuable meth^ of 
approaching the question. The natural capital with which a country starts out in 
its rivers, climate, soil and general situation is one thing, the human material which 
utilises the natural capital—or which does not use it—the organisation of the market¬ 
ing of the produce, the creation of transport facilities, the capital and credit obtain¬ 
able—these are vital questions which have hitherto been too much obscured by the 
scientists on the one hand, with their brilliant discoveries, and by the lawyers, 
on the other, with their absorption in forms of government. It is the academic 
economists and the historians who ought now to make their contribution by thinking 
out a policy of development, based on a' co-ordinated knowledge of geography, 
history, economics, administration and psychology. To this Mr. Dunlop has con¬ 
tributed valuable suggestions in his paper. 

The interesting question why British Guiana -is relatively unprogressive and 
Malaya so go-ahead does not, in my opinion, resolve itself merely into a question 
of geography. The economic historian realises what a large part history also 
plays in determining the psychology of the development of the British Tropics. 
For instance, the direction of the development of the Federated Malay States 
and Nigeria was largely influenced by two men of genius—Sir Frank Swettenham 
in Malaya and Sir Frederick Lugard in Nigeria. 
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Again, British Malaya was influenced by the general course of economic develop¬ 
ment in India. The first British settlements in Malaya were made by the East 
India Company, who wanted ports for shelter and refitting on the way to China, 
and so occupied Penang and Singapore. To that extent it is a question of 
geography. But as the sub-continent of India came more and more under British 
rule, the question resolved itself into one of communications to hold India by 
moving troops rapidly, and that led to the building of railways, especially after the 
Mutiny. Malaya was no longer governed from India after 1874, but thetradition 
of railwa3rs was inherited, and the Federated Malay States havel^en largely created 
by their railway net, built out of the surplus revenue obtained by an export duty 
on tin. On the other hand, British Guiana, with its intimate coimexion with 
the West ^Indian islands, had a sea tradition, not a land tradition, as in India, 
and steamers, canals and water traffic are as natural a development for her as 
railways in Malaya. Railways attract a large body of labourers to make them, 
they are the great technical training ground of native peoples, both in coifttructing 
and operating them, and in the repairing shops they ofler an alternative occupation 
to agriculturists, and like mines they are an excellent market for local produce 
during construction. They not merely open up a country, they create a new 
atmosphere, an industrial tradition and promote a more rapid turnover. This 
special stimulus has be^n absent in British Guiana. Some of the British Tropics 
have never had the great asset which Malaya enjoyed in the tin which attracted 
the Chinese—^yet they have prospered. Ceylon, Nigeria, the Gold Coast, Jamaica, 
North Borneo, Uganda, and the flourishing Dutch Colonies of Sumatra and Java 
have owed little to minerals. Only Rhodesia and Malaya started on a mineral 
basis. In the temperate regions the Dominion of Canada is an example of a country 
that became great on fish, furs, wheat, dairying and lumber. Her mineral era 
is just beginning. Mr. Dunlop makes us think when he sets us the concrete problem, 
A^y is Malaya more prosperous than British Guiana ? In an age when man is 
dominant over nature, when capital, engineering and scientific knowledge are 
available, when human beings are triumphing over the barriers of space and distance, 
when men are ** making over ** tropical agriculture and helping to conquer insect 
pests, it is easy to do something when we know what to do. This is a practical 
age. Mr. Dunlop has indicated one method of finding out the reasons for retarded 
development, and this will go some way towards altering the conditions which 
hinder advance. 


MEETINGS OF THE SOCIETY TO MARCH 25, 1925. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock, unless otherwise announced:— 

February 25.— Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., “ The Power of 
Internal Combustion Engines for Motor Cars." The Hon. Sir Charles A. Parsons, 
K.C.B., LL.D., D.Sc., F.R.S., will preside. 

March 4.— Professor W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., Department 
of Glass Technology, University of Sheffield, " The Modem Production of Sheet- 
Glass.’* 

. March ix. (4.30 p.m.)— Emils Cammabrts, "The Restoration of Public 
Buildings in Belgiuni." Viscount Burnham, C.H., LL.D., will preside. 

March 18.— Claude N. Friese-Greene, "Colour Cinematography, ’ 

March 25.— Henry G. Dowling, " Wall-papers.*' 
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Indian Section. 

Friday afternoon, at 4.30 o'clock :— 

March 6.— Sir Henry Sharp, C.S.I., C.I.E., M.A., ‘The Development of Indian 
Universities." The Rt. Hon. Viscount Chelmsford, G.C.S.L. G.C.Ai.G , 
G C.I.E., G.B.E., will preside. 


Dominions and Colonies Section. 

Tuesday afternoon, at 4.30 o’clock :— 

February 24.—R. H. Brackenbury, Member of the Empire Cotton Growing 
Corporation Mechanical Transport Sub-Committee, " Transport in Tropical Africa." 
Mmor-General Sir Ernest D. Swinton, K.B.E., C.B.,D.S.O., R.E., will preridt. 


Cantor Lectures. 

Monday evenings, at 8 o’clock:— 

Walter Rosenhain, D.Sc., F.R.S., Superintendent of the Department of 
Metallurgy and Metallurgical Chemistry at the National Physical Laboratory 
" The Inner Structure of Alloys.’’ 

SYLLABUS. 

Lecture II.— February 23.—Nature of Solid Solutions. Possible Arrange¬ 
ment of Atoms. Proof of the Substitution Hypothesis. Theory of Lattice 
Distortion. Melting and Freezing. Lattice Expansion, local and general. 
Lattice Compression and Rise of Melting Point. Strength and Ductility. 
Lattice Distortion under Stress. Slip and Amorphous Layers. Inter- 
Crystalline Boundaries. 

Lecture III.— March 2.—Electrical Conduction. Passage of Electrons 
through Atomic Lattice. Effect of Distortion and Thermal Agitation. Super- 
Conductivity. Other effects of Distortion. Colours of Alloys. Magnetic 
Properties, Solid Solutions with no Distortion. Inter-metallic Compounds. 
Difference from “ Symmetrical Solid Solutions.’’ General Bearing on Scientific 
Metallurgy. Structure of Complex Alloys. Balancing Distortion. Calcula¬ 
tion of Equilibria. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 

Monday, February 23. .Geographical Society, 133, New 
Bond Street, W. 8.30 p.m. Colonel Sir Gerald Lenox- 
Cony^ham and Mr. F. A. Potts, ** The Great Barrier 

East India Association, Caxton Hall, Westminster, 
S.W. 3.30 p.m. Mr. Stanley P. Rice, “ India's 
Gifts to England." 

Architectural Association, 34. Bedford Square, W.C. 
8 p.m. Messrs. H. M. Robertson and F. R. Yerbury, 
" The Lessons of Northern Architecture." 

Victoria Institute, Central Buildings, Westminster, 
S.W, 4.30 p.m. Prof. A. T. Clay, "The Amaru." 

Victoria League, 22, Eccleston Square, S.W. 5. p.m. 
Mr. J. B. Cassels, " British Guiana.” 

Electrical Engineers, Institution of, Savoy Place, 
Victoria Embankment, W.C. 7 p.m. (Informal 
Meeting). Mr. W. L. Warrilow, "The Electrical 
Journals, Past, Present and Future." 

(N. Eastern Centre) Armstrong College, Newcastle>on- 
Tpe. 7.15 P-m. Mr. H. W. Clothier, " The Design 
of Electrical Plant, Control Gear and Connections 
for Protection against Shock, Fire and Faults." 


Swincy Lectures, King’s College, Strand, W.C. 5.30 p.m. 
Dr. W. T. Gordon," The Geological History of Plants.” 
(Lecture I). 

Economics and Political Science, London School of, 
Houghton Street, Aldwych, W.C. 5 p.m. Mr. E. 
B. Ahrens, " International Problems of Industry.” 
(Lecture VI), " The Future.” 

University of London, King’s College, Strand, W.C. 
5 p.m. Dr. J. A. Hewitt, "Carbohydrate Metabolism." 
(Lecture VI). 5.30 p.ni. Dr. Ri W. Seton-Watson, 
" The Origins of the War in its Balkan Aspect." 
(Lecture II). 5.30 p.m. Rev. C. F. Rogers, 
" Ecclesiastical Music." (Lecture V). 

Actuaries, Institute of, Staple Inn Hall, Holbom, W.C. 
5 p.m. Mr. F. L. Collins, " Winding up a 1 ife Assur¬ 
ance Company under the Provisions of Section 17 of 
the Assurance ^mpanies Act, X(KX).” 

City of London College White Street, Moorfields, E.C. 
3.30 p.m. Ifc. C. R. RottboU, “ Commercial Devetep- 
ments in Europe." (I-ecture II). “ Denmark.” 
Tuesday, February 24..(^ivil Enginccis, Institution of, 
Great George Street, S.W. 6 p.m. Mr. L. H. Savile, 

" The Demolition of the Harbour and Defence Wdrics 
of Heligoland." 

Royal Institution, Albemarle Street, W. 3.13. pm 
niofessor J. Barcroft," The Colour of the Ch amel eo n ." 
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Anthropological Institute, at the London School of Victoria and Albert Museum, South Kenaington, S.W. 
Economics, Houghton Street, Aldwych, W.C. 8.15 6 p.m. Mr. W. A. H. Khw, “ SAvres Porcelain.'* 

p.m. Mr. L. H. I>. Buxton, " The Stoney Indians of Textile Institute (London Section), 38, Bloomsbury 
the Bow River, Alberta." Square, W.C. 7 p.m. Mr. J. Howard, " Discrinuna- 

Colonial Institute, Hotel Victoria, Northumberland ♦ion between Flax and Hemp, Jute and Cotton, etc." 

Avenue, W.C. 3 p.m. Ca^-tain C. £. Hutton, Chemical Society, at the Institution of Mecha n i c al 

“ From the Atlantic to the Pacific." Engineers, Storey's Gate, Westminster, S.W. 8 p.m. 

Photomphic Society, 33, Russell Square, W.C. 7 p.in. Sir William B. Hardy, " Problems Presented by Films 

1. Mr. K. C. D. Hickman, " Colour and the Psy»'‘ on Solid SuHaces." 

chology of the Kinema." ''W|£=iAuctlQnem* and Estate Agents' Institute, 29, Lincoln's 

2. Mr. O. Bloch," A Daylight Viewing and Projecting*!, ;Iiih Fields, W.C. (Junior Members' meeting). 7.30 

Filter for Autochrome Plates." ’ u, ‘ P*®* Series of Mock Rating Appeals. 

Electrical Engineers, Institution of. (N. Midland Centre) j. -YW Royal Institution,* Albemarle Street, W. 5.15 pjn. 
Hotsl Metrorole, King Street, Leeds. 7 p.m. Mr.' Sir Arthur S. Woodward, " Dinosaurs." (Lecture 1 ). 

T. D. Trees, " Selection of Ball and RoUer Bearings Automobile Engineers, Institution of, (Luton Graduates* 
for Electr^l Machines." Section), at the Training School, Vauxhall Motors. 

Automobile Engineers, Institution of, (Informal Meeting) 7.30 p.m. Mr. W. B. Draoer, " The Balancing of 

83, Pan Mall, S.W. 7 p.m. Discussion on " Curious Automobile Engine Crankshafts." 

Bieakdohis." University of London. University College, Gower Street, 


(Graduates' Section), Broadgate Cafi*, Coventry. 
7.T5 p.m. Mr. L. J. Shorter, "The Testing of the 
Automobile." 

Auctioneers* and Estate Agents' Institute, 29, Lincoln's 
Inn Fields, W.C. 11.30 a.m. Conference of Apri- 
cultural Members. 3 p.m. Dr. Crowthcr, " The 
Assessment of Residual Manurial Values of Feeding 
Stuffs and Fertilisers." 

University of London, University College, Gower Street, 
W.C. 5.30 p.m. Mr. N. H. Baynes, " Some Aspects 
of Bj^ntine Civilisation." (Lecture IV). 3.30 p.m. 
Dr. C. F. Sonntag, " Man's Place in Nature." 

At King's College, Strand, W.C. 3.30 p.m. Prof. 
W. G. De Burgh, " Nco>Platonism and Christianity," 
At the Institute of Historical Research, Malct Street, 
W.C. 5.30 p.m. Sir Bernard Pares, " Contemporary 
Russia from 1861." (Lecture VI). 

WxoNCSPAY, February 23. .Geological So^'^iety, Burling¬ 
ton House, Piccadilly, W. 5.30 p.m. 

Prof. A. H. Cox, (a) "The Geology of Cader Idris 
(Merionethshire)." (b) " The Dissection of Pitching 
Folds." 

United Service Institution, Whitehall, S.W. 3 p.m. 
Major-General H, F. Thuillier, " Engineers and the 
Aimv." 

Economics and Political Science, London School of, 
Houghton Street, Aldwych, W.C. s p.m. Mr. C. H. 
C. Baker, " The Principles of Desi^ as Applied to 
Our Homes." 

Oriental Studies, School of, London Institution, 
Finsbury Circus, E.C. 3.13 p.m. Mr. E. Riclunond, 
" Early Moslem ‘Architecture.” (Lecture HI). 
Automobile Engineers, Institution of, (N. England*' 
Centre), The University, Liverpool. 7 p.m. Mr. 
C. H. Macmillan, " Marine Motor Installation." 
Microscopical Society, 20, Hanover Square, W. 7.30 p.m.. 
z. Dr. J. A. Murray, " The Making of Microscopical 
Preparations, (Wet)." 

2. Mr. F. Summers, " Applications of the Microscope 
in Textile Research." 

3. Mr. T. B. Bright, " Methods of Examination of 
MUdewed Cotton Material." 

University of London, UniversiW College, Gower Street, 
W.C. 5.30 p.m. Mr. I. C. GrdnMhl, " Nature 
Feeling in Norw^ian Literature after Wezgeland." 
(Lecture III). 

6 p.m. Mr. H. Higgs, " The Financial Problems of 
Eurooe." (Lecture VI). 

•At King's College, Strand, W.C. 5.30 p.m. Miss I. 
E. Power, "The Opening of the Land Routes to 
Cathay, A.D. 1200-1350." 

At St. Bartholomew's Hospital Medical School, 6, 
Giltsour Street, E.C. 5 p.m. Dr. J. M. D. Scott, 
"The Medullary Centres." (Lecture III). 

At the Royal Society of Medicine, i, Wimnole Street, 
W. 5 p.m. Prof. R. Cnichet, "The Relation of Paralysis 
Agitans to the Parkinsonian Syndrome of Epidemic 
Encephalitis." 

Swiney Lectures, King's CoUeg& Strand, W.C. 5.30 pm. 

Dr. W. T. Goedo^ The Gedbikal History of^Pl^ 

, (Lectun II). 

TimasDAY, FBUtUARV s 6 ..Royal Society. Builingtoo 
House, Piccadilly, W. 4.30 p.iiL 
An^uarlea. Society of, Bufttiigton House, Piccadilly, W 
. 8.30 pm. 


W.C. 3.15 p.m. Prof J. E. G. dc Montmorency, 
" African Customary Law, with special reference to 
Early Egyptian Law." (Lecture VI). 

5 p.m. Dr. A. S. Parkes, " The Physiology of Re¬ 
production." (Lecture VI). 

3 p.m. Mr. G. A. Sutherland, "Auditorium Acoustics." 
tl (Lecture I). 

3.15 p.m. Sir Henry Hadow, " The Place of Music 
in University Education." 

At King's College, Strand, W.C. 5.30 p.m. Dr. E. W. 
Scripture, " German Poets and their Verse." 

3.30 p.m. Dr. A. R. Pastor, " Spanish Saints and 
Heretics." (Lecture I). 

6.30 p.m. Dr. O. Vocadlo, " Czech Civilisation," 
(I.ecture VI). 

At the Middlesex Hospital Medical School, Cleveland 
Street, W. 5 p.m. Mr. R. C. Dodds, " Chemistry of 
the Internal Secretions." (Lecture VII). 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Prince D. S, SvyatOTH)lk, " Russian 
Literature in the Second Half of the Nineteenth 
Century," (Lecture VI). 

Mechanical Engineers, Institution of, (Midland Branc^, 
Queen’s Hotel, Birmingham. 6.30 p.m. Mr. J. T. 
Ord, " The Manufacture of Nitrate of Soda in Chile." 
(Western Branch) at the Merchant Venturers' Tech¬ 
nical College, Unity Street, Bristol. 7 P*®* Mr. 
W. H. Pearce," The Practical Testing of Locomotives." 
Sociological Society, at the Royal SocieW, Burlington 
House, Piccadilly, W. 8.13 p.m. Mr. C. B. Fawcett, 
" The Distribution of Population over the Land." 

-Friday, February 27. .Engineers, Junior Institution of 
39, Victoria Street, S.w. 7.30 p.m. Mr. E. Stroud, 
" A Treatise on Modern Lighting Practice." 
Industrial Psychology, National Institute of, 339 
High Holborn, W.C. Miss W. Spielman, " Certain 
Psychological Tests applied to the Selection of Workers 
in different occupations.” 

Rwal Institution, Albemarle Street, W. 9 p.m. Dr. 
J. C. Irvine, “ Sugars from the Standpoint of the 
Organic Chemist." 

Photographic Society, 35 # Russell Square, W.C. 7 p.m. 
Mr. H. Pickwill, " The Monuments and Fountains of 
London." 

Central Asian Society, 74, Grosvenor Street, S.W. 5 pm. 
University of London, King's College Strand, W.C 

5.30 p.m. Mr. N. B. Jopson, " The Early History ox 
the Slavs." (Lecturo IV). 

3.30 p.m. Prof. R. W. Chambers, "The Problem 
of Sir Thomas More.*' (Shakespeare Association). 

Mechanical Engineers, Institution of (Infonnal Meeting), 
Storey’s Gate, Westminster, S.W. 7 pjn. Discussira 
on " Practical Problems of Lubrication." 

Brewing, Institute of, Brewers’ Hall, Addle Street, 
E.C. 4.30 p.m. Annual General Meeting. 

Saturday, February 28..Medici Society at the Royal 
Society of Arts, John Street, Adelpbi, W.C. 3 pjiL 
Royal Institution, Albemarle Street, W. 3 pjn. Prof. 
Sir Ernest Rutherford," The Counting of the Atoms." 
(Lecture 1 ). 

London County Council, at the Homiman, Museum 
Forest Hill, S.E. 3.30 p.m. Mr. W. J. Perry, "The 
Andent Bfariners of the Padfle" 
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NOTICES. 


NEXT WEEK. 

Monday, March 2nd, at 8 p.m. (Cantor Lecture.) Walter Rosen- 
HAIN, D.Sc., F.R.S., Superintendent of the Department of Metallurgy 
and Metallurgical Chemistry at the National Physical Laboratory, The 
Inner Structure of Alloys.*’ (Lecture III.) 

Wednesday, March 4th, at 8 p.m. (Ordinary Meeting.) Professor 
W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., Department of Glass Technology, 
University of Sheffield, ** The Modem Production of Sheet-Glass.” 

Friday, March 6th, at 4.30 p.m. (Indian Section.) Sir Henry Sharp, 
C.S.I., M.A., ” The Development of Indian Universities.” The Rt. Hon. 
Viscount Chelmsford, G.C.S.I., G.C.M.G., G.C.I.E., G.B.E., will preside. 
Tea and coffee will be served in the Library at 3.45 p.m. 


CANTOR LECTURE. 

Monday Evening, February 23rd, 1925, Dr, Walter Rosenhain, 
D.Sc., F.R.S., Superintendent, Department of Metallurgy and Metallur¬ 
gical Chemistry, National Physical Laboratory, delivered the second lecture 
of his course on ” The Inner Stracture of Alloys.” 

The lectures will be published in the Journal during the Summer recess. 


ELEVENTH ORDINARY MEETING. 

Wednesday, February i8th, 1925. Sir Napier Shaw, LL.D., Sc.D., F.R.S., 
in the Chair. 

The following Candidates were proposed for election as Fellows of the 
Society:— 

Bums, Alan Chamley, M.Sc., F.J.C., Wliitehaven, Cumberland. 

Cohen, George, London. 
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Cooksley. Allan. Birmingham. 

Dow. Alexander. London. 

Dunhill.. Alfred, Harrow Weald, Middlesex. 

Henry, William Ethelbert, Maidenhead. Berks. 

Himiak, Dr. Julian, Lwow, Poland. 

Howatson, Lieut. G. A. S.. I.M.D., Almora, India. 

Jessop, Arthur, Rawdon, I.eeds. 

Marsden. Andrew, M.I.Mar.E., Gravesend, Kent. 

Rowe, Harold Charles, J.P., Exeter. 

Sadhu. Pandit Tara Chand, Srinagar, Kashmir, India. 

Simmonds, Ernest John, (ierrard’s Cross, Bucks. 

Yatcfe, Charles, Hailey Hall, near Hertford.. 

The following Candidates were duly elected Fellows of the Society : - 

Andrews, Gerald Willoughby, London. 

Biles, Sir John Harvard, K.C.I.E., LL.D., D.Sc., M.Inst.C.E., London 

Cohen, Sir Herbert Benjamin, Bt., O.B.E., London. 

Collin, James B., London. 

Crow, William Roberts, London. 

Daniel, W. John, Trivandrum, India. 

Nelson, Horatio Whiteway, Bradford, Yorks. 

North, William James, Watford, Herts. 

A paper on “ Modem Atmospheric Conditions was read by Dk. J. S. 
Owens, M.D., Assoc.M.Inst.C.E., F.G.S., Superintendent, Advisory Committee 
on Atmospheric Pollution, Air Ministry, Meteorological Office. 

The following took part in the discussion : —Sir Frank Baines, C.V.O., C.B.E., 
Director of Works, H.M. Office of Works; Dr. A. W. Hill, F.R.S., Sc.D., 
F.L.S., Director, Royal Botanic Gardens, Kew; Col. Sir Arthur Holbrook, 
K.B.E., M.P.; Mr. F. W. Goodenough (Gas Light and Coke Company) ; and 
Mrs. M. Fishenden (Fuel Research Board). 

The paper and discussion will be published in a subsequent number of the 
Journal. 


PROCEEDINGS OF THE SOCIETY. 


TENTH ORDINARY MEETING. 

Lord Bearsted, LL.D., a Vice-President ot the Society, in the Chair. 

The Chairman, in introducing the lecturer, said it was a matter of great satis¬ 
faction and pleasure to the Council of the Royal Society of Arts to see so large and 
representative a gathering present on that occasion. The Society endeavoured 
by every means in their power to keep abreast of the times, and the question of 
the internal combustion engine in navigation was in the front rank of the subject.s 
of interest of the present day* 

Before calling on the lecturer, he would like to read a letter addressed to himself 
by the late Lord Fisher, dated 22nd November, 1911. The letter was as follows :— 

What I am driving at is oil alone for fuel and the introduction of war ships with 
the internal combustion propulsion. I do not want to be egotistical, but had I 
remained at the Admiralty we should be constructing a motor battle ship, and 
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saving some 78 per cent, in fuel and 25 per cent, in space ; no funnels to iliscover 
us to the enemy—no smoke—and a few chauffeurs in comparison with iumdreds 
and hundreds of stokers and engineers. It is the first time in sea ]nstc>r\’ that 
the British Admiralty has not led the way. We know the German Admiralty 
are designing an armoured cruiser that will go round the world without requiring 
to replenish her fuel.*’ 

The name of Lord Fisher would always remain a great one in Kngland. His 
vision was wonderful. Without Lord Fislier, and Without Mr. Wmston Churchill's 
courage at the Admiralty, they would not to-day be using exclusively liquid 
fuel in the Royal Navy. Whilst it was a matter of regret that further progress 
in the utilisation of oil fuel had not been made, yet there was consolation in the fact 
that England led the way in liquid fuel and not tlie United States, in spite of the 
latter country possessing 80 per cent, of the world's oil. America was far beliind 
us in the application of the internal combustion engine, and although it was a 
somewhat negative satisfaction, yet it was the fact that just as the Dutch and the 
Danes were pioneers in front of the British, so the British were mucli in advance 
of the United States at the present lime. 

He hoped the discussion would do something to further the v/ishes of their dead 
friend, Lord Fisher, and he was very glad to see Lord F'ishcr’s son present at that 
gathering. 

In calling upon Sir Fortescue Flannery to deliver his lecture, he would like to 
say that there was no greater authority on the internal combustion engine. * 

The paper read was :— 

THE DIESEL ENGINE IN NAVIGATION. 

By Sir J. Fortescue Flannery, Bart., M.Inst.C.E., 

Past President of the Institution of Marine Engineers. 

It has been said that the age in which we live will be known to posterity 
as the Petroleum Age, and when one considers the vital part which petroleum 
in its various forms plays in the daily lives of the present generation, the 
accuracy of this statement will be appreciated. Petroleum provides one 
of the principal fuels which drive our steamships, either used direct in internal 
combustion engines or burned under boilers, and many of our power stations 
are driven in the same way. Our motor cars and aeroplanes are driven by 
petrol, kerosene is used for lighting and cooking in our houses, and a special 
form of petroleum is also used medicinally. 

Proposals to use petroleum in navigation were first made by the late Admiral 
Selw5ni, and there are some of us who can still remember the experimental 
boiler he had established near Charing Cross 50 years ago. The efforts of 
the gallant Admiral were defeated from various causes, chiefly, perhaps,, 
the uncertainty of liquid fuel supply. 

Twenty years later another pioneer appeared before the shipping world,. 
Mr. Marcus Samuel, who had secured a concession in Borneo of oil bearing 
land, and who was resolved to find a market for the oil and to develop methods 
of consuming it in the economical production of power. 

The first development of this advanced policy was to substitute oil fires 
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for coal fires under steam boilers. This development was long and ex¬ 
pensive, but it succeeded at last, so that in the end *the Admiralty asked and 
received permission to send some of their R.N. Engineers to study the condition 
of working at sea. 

The next step in advance was some ten years later, when the same pioneer 
began the public advocacy of Internal Combustion Engines of Diesel type 
for ship propulsion. The response was slow and example was necessary 
to be added to precept. Thus a Company was formed to build and run three 
motor propelled ships of large size as the forerunners of a motor ship Mer¬ 
cantile Marine. The “ Jutlandia," with Burmeister and Wain's engines from 
Copenhagen, had already established a proved success, but British shipowners 
were hesitating and doubtful. 

Messrs. Swan and Hunter built and engined the “ Arum " and the// Arabis,” 
and Messrs. Armstrong Whitworth the “ Abelia,” whose engines were the work 
of the Wallsend Slipway Company. All three ships were a definite success 
both for a short interval of peace trading, and then under the more strenuous 
conditions of war service in the years following the beginning of the Great 
Wari and they demonstrated once and for all certain advantages of motor 
propulsion over steam propulsion, even when steam propulsion competed in 
the advanced form of steam raised by liquid fuel. 

With customary foresight and enterprise Lloyd's Register Committee granted 
full classification to these ships notwithstanding their many novelties in 
the machinery. 

There is no man living who has done more to bring about the Petroleum 
Age than our Chairman of this afternoon. Owing to his energy and foresight, 
a trade for the carriage of petroleum in bulk from Russia to the Far East 
with general cargoes homewards was started, and this pioneer venture laid 
the foundation of the present-day system of carriage of petroleum in bulk 
in tank steamers. 

The first general use of petroleum was in the form of kerosene, atid in 
this form it was burnt in lamps and used principally for lighting, and in some 
cases for heating and cooking. It is, of course, well known that kerosene 
is a refined oil with a moderately high dash point, but the oil as it comes from 
the earth contains, in addition to the kerosene, varying quantities of spirit, 
which is commonly known as petrol, and a heavy high flash oil known as fuel 
oU. 

The principal use of petrol is as fuel in internal combustion engines of com¬ 
paratively low power, and time will not permit of these being dealt with in 
this paper, which is intended to deal principally with engines of the Diesel 
type, which use the heavy grade oil of high flash point. 

In the early days of the petroleum industry, when the most valuable product 
was kerosene, the importance of finding uses for the other constituents of 
the crude oil was fully realised, and in the first instance this heavy oil was 
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and is still used as fuel under boilers. The credit for the extensive use and 
efficiency of liquid fuel for raising steam at the present day^ is, in the first 
place, due to Lord Bearsted, who was assisted in the technical details by 
my partner, the late Mr. Robert Baggallay. 

In 1897 Dr. Rudolph Diesel developed the idea whereby fuel was injected 
into a cylinder containing air which had been raised by compression to a 
sufficiently high temperature to bring about combustion, and the earlier 
engines on the Diesel principle operated upon what is known as the four-stroke 
cycle, which means that one stroke in every four or in every two revolutions 
is productive of power. 

The Diesel type engine is that arrangement by which the petroleum is 
ignited not by magneto electric spark, as in the earlier internal combustion 
engines, but by the heat generated due to high compression of the air contained 
in the cylinder prior to the injection of the petroleum fuel, and this system, 
whilst simplif5nng the mechanism in one direction, does introduce complications 
in another, but, on the whole, produces a greater simplicity and an arrangement 
of parts more within the compass of ordinary mechanism and ordinary engineer¬ 
ing supervision. The credit for the invention of ignition by compression has 
been given to Dr. Diesel,. a German engineer of high attainments, but it is 
claimed that an Australian engineer, Mr. Herbert Akroyd Stuart, of Claremont, 
Western Australia, patented the system many years earlier than Dr. Diesel, 
although he was never able to bring it into practical operation. 

I do not propose to deal at any very great length with the details of operation, 
but, briefly, the four-stroke cycle in the Diesel engine is as follows :— 

First Stroke .—Piston travels upwards, compressing the air in the cylinder 
to about 500 lbs. per square inch, thus raising the temperature sufficiently 
to enable combustion to take place when the fuel is injected into the cylinder 
very shortly before the end of this stroke. 

Second Stroke .—Piston forced downwards due to combustion and consequent 
expansion of gases in cylinder, thus constituting the working stroke. 

Third Stroke .—The piston travels upwards, expelling the products of com¬ 
bustion or exhaust gases through the exhaust valve, thus leaving the cylinder 
free to draw in fresh air through the inlet valve. 

Fourth Stroke .—Piston travels downwards, drawing fresh air into the 
cylinder through the inlet valve, which will be compressed on the next stroke, 
thus completing the cycle. 

As already stated in the above cycle only one effective or working stroke is 
obtained in two revolutions of the engine, and in order to increase the power 
per cylinder, the two-stroke cycle engaged the attention of engineers and 
the principle of this is as follows :— 

First Stroke .—^The piston travels upwards compressing air in the cylinder 
and fuel is injected shortly before the end of the stroke, as in the four stroke 
engine. 
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Second Stroke .—Piston travels downwards under energy developed by com¬ 
bustion of fuel, and when nearing the bottom of this stroke uncovers ports 
in the cylinder which allow the exhaust gases to escape on one side and fresh 
air to be pumped in on the other side. This air blows the exhaust gases through 
the exhaust ports and is known as scavenge air. 

The piston then travels upwards closing both exhaust and scavenge ports, 
compresses the air and the previous cycle of operations is carried out. 

It will thus be seen that by this means, one impulse is received every 
revolution on the two-cycle principle, whereas it is only obtained once on 
every two revolutions in the four-cycle principle. 

Some difference of opinion exists amongst engineers as to the relative merits 
of the two-cycle and four-cycle types of Diesel engines, and in the earlier 
stages, owing to mechanical difficulties, principally in piston cooling and 
lubrication in the two-cycle engine, the most reliable types of engine were 
on the four-cycle principle, and such vessels as the** Jutlandia ” and*' Selandia** 
were run, I understand, to the complete satisfaction of their owners. 

The two-cycle engine is under the disadvantage of having to drive a separate 
pump for scavenging the cylinders, and generally speaking the fuel consumption 
of the two-cycle engine is not quite so economical per B.H.P. as the four-cycle, 
as even though the greatest care is exercised in design in efforts entirely to 
remove the exhaust gases from the cylinder at the end of the working stroke, 
this is not so completely done by scavenging as by being expelled by the 
stroke of the piston in the four-cycle type. 

Now that the difficulties of lubrication, in the two-cycle engine have been 
overcome by means of forced lubrication, and that the piston cooling arrange¬ 
ments have been so greatly improved as to render them reliable, the two- 
cycle engine is now probably as reliable as the four-cycle, and owing to the 
absence of inlet and exhaust valves the cylinder covers are a simpler casting, 
which is a very desirable feature, as it is of the utmost importance that the 
design of all engines should be of the simplest form. 

Until quite recent years all Diesel en^nes, whether two-cycle or four-cycle, 
were single acting, that is to say, that the pressure was only exerted on one 
side of the piston, but of recent years great advances have been made with 
the double-acting engine of various types, and these engines have been installed 
in large ocean going ships. 

The most usual method of injecting the fuel into the cylinder so as to break 
it up sufficiently for complete combustion, has been to blow it through a suitable 
nozzle by means of compressed air, but there is also a method that is known 
as ** solid injection," whereby the fuel is forced into the cylinder through 
a nozzle at very high pressure by means of a pump, and although solid 
injection has the great advantage of doing away with the costly and somewhat 
delicate air compressor, the pump pressures are of necessity very much higher 
than the air pressures in the air injection system, and this has been considered 
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by many engineers to be so greatly against the solid injection system that its 
use is not so common as the air system. Messrs. Vickers and Messrs. Doxford 
are the principal exponents of the solid injection system, and it has worked 
with every success in their engines. 

It is, of course, well-known that the Diesel engine cannot be started without 
external agency, and the means usually adopted is to admit compressed air 
from containers into the cylinders at the proper time by means of what is 
known as a starting valve. 

This gives the necessary impulse to turn the engine, and, when the engine 
has been moved sulficienly, fuel is admitted to some of the cylinders. When 
these are running the air is then cut off, and fuel admitted to the remaining 
cylinders. This arrangement has proved most quick and reliable in practice,, 
but it has the disadvantage of high pressure in the storage bottles, in order 
to overcome the compression in the engine. In order to overcome this dis¬ 
advantage auxiliary cylinders are fitted in addition to the main cylinders in the 

Polar ’* engine, and these cylinders when not in use for starting are used as 
pumps in order to supply the necessary scavenge air. A further advantage 
of this system is that in manoeuvring the engine no cold air is admitted to the 
hot working cylinders. 

The experience of the writer, in so far as the Diesel engine is concerned, has 
mainly been in connexion with the use of the Diesel engine for purposes of 
marine propulsion, and from the point of view of heat efficiency and consequent 
fuel economy, the Diesel engine is admittedly the most efficient machine in 
existence for the propulsion of ships. 

A good steam plant may be considered to be working satisfactorily when 
its consumption of coal is i.8 lbs. per B.H.P. per hour, and this corresponds 
to about 1.4 lbs. of oil fuel per B.H.P. per hour when the fuel is used under 
boilers for raising steam. 

Most Diesel engines, however, burn about .40 lbs. of oil per B.H.P. per 
hour, and it will, therefore, be seen that so far as weight of fuel is concerned, 
the Diesel engine uses approximately 4^ times less fuel than the coal fired 
steam plant, and about 3^ times less than the steam engine of similar power 
when steam is raised by means of liquid fuel. 

Apart from the saving in the fuel bill the effect of this economy is, 

1. Either to enable the range of operation of the vessel to be increased, or, 

2. To reduce the amount of bunkers carried, thus enabling more cargo 
to be put on board. 

In addition to the saving in the quantity of bunkers to be carried, owing 
to the nature of the fuel, it is possible for it to be stowed in places which would 
be quite inaccessible for coal, such as in the double bottom or in the peak tanks 

In the early days of the use of the Diesel engine for marine propulsion it 
was in nearly every case considered highly desirable that two sets of engines 
driving twin screws should be fitted. This was partly desirable on account 
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of the limited knowledge of the Diesel engine, which gave rise to some doubt 
as to its reliability, in view of which it was necessary to have one set which could 
be worked even if the other were out of order, and partly because of the 
comparatively small diameter of the cylinders in the earlier motors, which 
prevented a large power per cylinder being developed, thus necessitating a 
large number of cylinders. It was, therefore, more economical of space to 
put these cylinders on two shafts than to put them on one shaft, and thus 
unduly lengthen the engine room. 

Now that the Diesel engine has passed through its initial stages and may be 
regarded as a reliable means of propulsion, and as larger powers per cylinder 
can now be developed, many builders have put the cylinders on the one shaft, 
as in the case of marine steam engines. This arrangement has the advantage 
of considerable saving in the initial cost, reduces the number of working parts, 
and thus enables a considerable reduction to be made in the number of the 
engine room staff, so that with the modern Diesel engine a very considerabe 
saving in the number of the engine room staff can be effected. 

Some engineers have turned their attention to fitting high speed Diesel 
engines, and reducing the propeller shaft speed to a suitable limit by means 
of electric transmission. This system has the advantage of a saving in weight, 
and the additional advantages that the Diesel engines and dynamo may be 
placed in any convenient ix)sition in the ship, and if it is desired to run below 
the maximum power the required number of engines may be cut out altogether, 
thus enabling the other engines to run at their most efficient load. 

The supporters of the Diesel engine have further urged in its favour that so 
far as obtaining power is concerned in actual manipulation, the human element 
can be eliminated to a much greater degree than in the case of the coal-fired 
steam engine, where power is dependent upon the skilful handling of the fires 
and firemen, whereas in the Diesel engine if additional power is required, it is 
within certain limits only necessary to increase the admission of fuel, and the 
necessary power will be forthcoming. 

With reference to this I would like to utter a word of warning, and in the first 
instance to advise all who intend to instal Diesel engines to have them made 
of ample power for the work which they would be called upon to perform, 
as there is nothing easier than for an engineer, under the influence of either 
. the Captain or his owner to overload his engines (which can be done by merely 
turning a screw) and although to begin with no immediate bad results may be 
felt, yet the life of the engine will be seriously shortened, and the bills for 
upkeep greatly increased if overloading is permitted. 

Now that Diesel engines of both the four-cycle and two-cycle single-acting 
type may be considered to be beyond the pioneer stage, and to becommerciaUy 
reUable, the principal objection to their adoption would appear to be the 
high initial cost in construction, and so far as can be seen the approximate 
figure would be in the neighbourhood of 30 per cent., but with the more 
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extensive adoption of Diesel engines, and with possible standardization of 
design, it is probable that this figure can be ve^ materially reduced. It must, 
however, be fully borne in mind that both workmanship and material in the 
Diesel engines must be of the very highest quality, as owing to the varying 
stresses and the high initial pressures in the cylinders, if any bad work or 
material is incorporated, then trouble and probably serious expense due to 
breakdown are almost certain to ensue, and even if actual breakdown does 
not take place, expense which could otherwise have been avoided is certain 
to be incurred in connection with overhaul. 

There is a further point which must be borne in mind by all intending users 
of the Diesel engine for marine propulsion, and that is the question of the 
cost of upkeep and depreciation, of which no complete figures can, of nece^ity, 
be yet available, but from my experience I see no reason why the depreciation 
nor the cost of upkeep should be greater in the Diesel engine than in the steam 
engine, provided that engines of sufficient power which have been accurately 
constructed of the best material, and which have received proper attention 
in running, are installed. 

It has been urged against the economy in consumption of fuel that the 
amount of lubricating oil used by the Diesel engines is in excess of the amount 
used by steam engines, and although this may be to some extent true, the 
difference is not sufficient to be considered in any way as compared with the 
saving in fuel, and in view of the fact that forced lubrication is used and that 
separators are provided in nearly every Diesel ship for cleaning the lubricating 
oil, its consumption is reduced to a minimum. 

As already stated, the single-acting Diesel engines may be divided into the 
four-cycle and two-cycle types, and the advantages of each particular type 
have already been mentioned. The principal types of four-cyde single- 
acting engines are:— 

1. Burmeister and Wain. 

2. North British. 

3. Tosi. 

4. Vickers. 

5. Werkspoor. 

While the principal two-cyde engines are the 

1. Doxford. 

2. FuUagar. 

3. Polar. 

4. Sulzer. 

In addition to the above there is also the Still engine, which,consists of a 
two-cyde .Diesel engine on the upper side of the piston and a steam engine 
underneath, and it may, therefore, be regarded as a single-acting engine from 
the Diesel point of view, although its action as a whole may be regarded as 
double-acting, and its evolution has arisen partly with a view to utilising the 
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heat of the exhaust gases from the Diesel part of the engine to generate steam, 
and partly to obtain a double-acting engine, with its consequent smoothness 
of running without the mechanical difficulties which are at present inseparable 
from double-acting Diesel engines. 

Burmeister and Wain Engine. 

The original designers and builders of this engine were amongst the very 
earliest Diesel engine builders successfully to instal Diesel engines on board 
ship, and the “ Jutlandia ** and Selandia," when they first came out, may be 
said to have been the beginning of a new era in modem propulsion. Both 
these i^essels have, I understand, always worked most satisfactorily and arc 
still doing so. This type of engine is probably more used in modem-sized 
ships to-day than any other type. As already stated, the engine is of the four¬ 
cycle single acting type, and fuel injection is carried out by means orcompressed 
air. 

One interesting feature of the engine is that fresh water is employed both 
lor cooling the pistons and the cylinders, and this has the advantage of avoiding 
the risk of a deposit of salt on the surfaces to be cooled, and also obviates any 
risk of sand or mud going into either the water jackets or the pistons. 

The pump for forcing the cooling.water through the engine, and also the 
pump for supplying the lubricating oil to the various working surfaces, are 
driven independently of the main engine. The only auxiliaries driven off the 
main engine are the compressor, thp piston lubricating pump and the fuel 
pumps. The great advantage of this sj^tem is that before the engine is started, 
•or when the engine is temporarily stopped, the supply of lubricating oil and 
•cooling water is maintained, and it is very desirable, even if the circulating 
water pump and the lubricating oil pump are driven off the main engines, 
that means of supplying the engine with both oil and circulating water should 
be provided when the engine is not working, as, before starting up, it is of the 
utmost importance that the jackets and pistons should be full of water, and 
that all working parts should be ejficiently lubricated. The cam shaft is 
situated at a level of about the bottom of the cylinders, and is driven by spur 
gearing. There are four valves in each cylinder cover for suction, exhaust, 
starting air and fuel injection. These valves are worked by push rods from 
the cam shaft. 

Reversing of the engine is carried out by sliding the cam shaft in a fore and 
aft direction, thus bringing the astern cams into operation. These cams 
have the effect of opening the various valves at a different period of the stroke, 
thus enabling the impulse to be given when the piston is in a different position, 
.and> making the engine run in the opposite direction. 

.: Messrs. Burmeister and Wain build an engine which at full load runs at about 
.851 revolutions per minute, and this is from the point of view of propeller 
efficiency a (Very satisfactory speed. 
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Vickers' Engine. 

.1 

Engines of the Vickers* type have been very largely used in British 
submarines, and probably the most outstanding feature in this engine is that 
solid injection is used in order to atomise the fuel in the cylinder, the oil being 
delivered at a pressure of about 4,000 lbs. per square inch. 

Sea water is used for cooling both the cylinders and pistons, and in order 
to minimise the deposit of scale and to prevent the deposit of sand or mud, 
a special means of producing eddies is provided. 

The valves arc actuated by means of rods, which are attached to rocking 
arms, which are carried by an eccentrically-mounted shaft, and these rocking 
arms are in turn actuated by means of the cam shaft. Manoeuvring is effected, 
firstly, by turning the eccentrically mounted shaft, which has the effect of 
lifting the rocking arms clear of the cams on the cam shaft, and then sliding 
the cam shaft in a fore and aft direction, thus bringing either the ahead or 
astern cams into operation. 

The speed of this engine is controlled both by means of adjusting the lift 
of the fuel valve, or by altering the lift of the suction valves of the fuel pumps. 

Werkspoor Engine. 

The outstanding feature of this engine may be said to be that the cylinder 
cover is cast in one with the liner instead* of the liners being separate castings, 
as is the case in every other type of marine Diesel engine, and the advantage 
of this system would appear to be that it is possible for the cooling water 
to be carried to the top of the liner, at which point the working temperature 
is highest. The casting is, of course, more difficult to make, but very satis¬ 
factory results have been obtained by this type of engine. 

The method of supplying fuel to the cylinders also differs considerably from 
the usual practice, as the fuel pump supplies fuel to a receiver, which is placed 
above the cylinders, and in which the oil is subjected to a high pressure by 
blast air being admitted to the container. The fuel then flows through a 
distributing box direct to the fuel valve, by which it is admitted under blast 
pressure to the cylinder. 

The levers actuating the valves are mounted eccentrically upon the 
manoeuvring shaft, and these levers ar6 in turn actuated by the cam shaft, 
and manoeuvring is effected by twisting the manoeuvring shaft, which has 
the effect of raising the rollers on the valve lever above the cams, and owing 
to an askew motion given to the levers by the manoeuvring shaft, the levers are 
moved in a fore and aft direction over either the ahead or astern cams on the 
cam shaft. This arrangement has the advantage that it is unnecessary to 
move the cam shaft in order to manoeuvre the engine, but it has the disadvantage 
that whilst in the astern position the valve levers are working out of line. 
In this engine salt water is used for cooling both pistons and cylinders. 
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North British Diesel Engine Co. 

A t3rpe of engine has been evolved by the North British Diesel Co. which 
contains many interesting features. The valves are actuated by means of 
short posh rods driven off the cam shaft, which is mounted eccentrically, so 
that when it is rotated the cams are dropped out of their normal position 
clear of the rollers on the push rods, thus allowii^ the shaft to be moved in 
a fore and aft direction, bringing the desired set of cams into operation. 

Sea water is used for cooling both pistons and cylinders, the piston cooling 
water passing through the piston rods. 

Fuel is injected into the cylinders by means of compressed air, and the 
speed isi regulated by altering the lift of the suction valves of the fuel pumps. 

Tosi Engine. 

This engine represents a very great departiure from the usual principles of 
Diesel engine design, in that a single valve in the cylinders is used both for 
inlet and exhaust, and in conjunction with this valve is a distributor or director 
valve, which places the valve in the cylinder cover in' communication with 
an air passage during the suction stroke, or with the exhaust pipe during the 
exhaust stroke. The valve in the cylinder cover is driven by a cam shaft 
in the usual way, while the distributing valve is driven by means of an eccentric 
off the cam shaft. The number of mushroom valves in the cylinder cover is 
reduced, and, as cold air is drawn over the valve every two revolutions, its 
temperature is kept down, and it is not, therefore, so liable to corrosion as 
is the case in the exhaust valves in the usual design of four-cycle engine. 

An arrangement is also provided by whidi air is drawn from the underside 
of the pistons, and after this air has been heated by passing in close proximity 
to the exhaust pipe, it passes into the cylinder, and this initial heating should 
be a considerable help towards perfect combustion in the cylinder. 

Sea water is used for cooling both pistons and cylinders, and spiral projections 
are cast on the jacket side of the liners in order to give the water a higher 
velocity at the top of the jacket, so as to coimterbalance the high temperature 
of combustion at this point. 

The method of manoeuvring is also original, and is effected by means of 
forking the ends of the valve levers, so that the rollers may be slid in a fore 
and aft direction, and thus brought either over the ahead or astern cams on 
the cam shaft as may be desired. 

Two-Cycle Engines. 

Doxforo Type. 

This engine is of a type known as the" opposed j^ton type,” and the general 
arrangement is as follows:— 

Each cylinder contains two {^tons, whidi move towards each other on the 
oompression stroke and move apart during the working stroke, the upper 
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piston travelling upwards and pulling the crank, to which it is connected, 
upwards with it, whilst the lower piston travels downwards, driving the crank 
to which it is also attached. When the pistons get to the end of their stroke 
they uncover ports both in the top and bottom of the cylinder. Scavenge 
air is admitted through the ports at the bottom and the exhaust gases are 
carried away through the ports at the top. By this means a very satisfactory 
arrangement of scavenging is possible, and in view of the simplicity of con¬ 
struction the engine has given very satisfactory results. Fuel is admitted 
between the pistons at the end of the compression stroke, and the normal speed 
of rotation is about 77 revolutions per minute, which enables a satisfactory 
propeller efficiency to be obtained. 

Solid injection of fuel is adopted in this engine, the pressure being about 
9,000 lbs. per square inch, which is about double the pressure used in the 
Vickers engine. 

Manoeuvring is carried out by moving the cam shaft in a fore and aft direction, 
so bringing either the ahead or astern cams which work the fuel and 
starting air valves into action. Piston cooling is carried out with fresh water. 

The compression in the cylinder is lower than usual, being in the neighbour¬ 
hood of 300 lbs. per square inch, and in order to raise the heat of compression 
an uncooled plate of nickel steel is fitted in each piston head, which provides the 
requisite heat in order to produce combustion after the engine has been first 
heated up by steam. 

Fullager Engine. 

This’ engine is also of the opposed piston type and consists of units of two 
cylinders, each containing two opposed pistons, each upper piston being 
•connected by cross rods to the crosshead of the lower piston in the other cylinder; 
so that while the lower piston in one cylinder is driving the crank to which 
it is directly attached downwards, the upper piston in the szune cylinder is 
dragging the crank, which is attached to the lower piston of the other cylinder 
upwards. By this means the number of cranks is kept down to a minimum 
and an even turning movement is obtained. The cross rods are, of course, 
attached to crossheads connected with the upper piston, and these crossheads 
are used to form scavenge cylinders to provide scavenge air. As in the Doxford 
engine, the pistons at the end of their stroke uncover scavenge ports in the 
bottom of the cylinders and exhaust ports in the top of the cylinders. 

In this engine air injection for atomising fuel is employed, and the fuel 
valves are situated in the centre of the cylinder in the compression space 
between the pistons. 

Polar Engine. 

When this engine was originally designed scavenge cylinders were arran^d 
in line with the working cylinders, and these scavenge cylinders were used to 
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Start the engine, which proved a very satisfactory arrangement, as starting 
air of a comparatively low pressure could be used, and the engine was not 
subjected to the disadvantage of cold starting, air being injected into the 
hot working cylinder whilst manoeuvring. There was the further advantage 
that the necessity of a starting valve in the cover of the working cylinder 
was removed, thus simplif5dng the design of the cylinder cover, which only 
contained the fuel valve. This idea has been further developed in the Neptune 
engine, in which one scavenge or manoeuvring cylinder is fitted belo'*' each 
working cylinder in engines up to about i,ooo B.H.P. It has recently, 
however, been found in engines of large power that the scavenge cylinder 
beneath the working cylinder unduly adds to the height of the engine, and 
this method of scavenging has, therefore,* been superseded by separate scavenge 
pumps or by turbo-blowers. The injection of fuel into the cylinder is effected 
by means of compressed air and the speed of the engine is regulafed by con¬ 
trolling the lift of the suction valves of the fuel pumps. 

The cams for actuating the fuel valves are mounted on sleeves on the cam 
shaft and manceuvring is effected by sliding these sleeves with the cams intO' 
the required position for either ahead or astern running. In order to avoid 
the necessity of lifting the cam rollers off the shaft the edges of the cams are 
tapered, thus permitting the sliding just mentioned to be carried out. 

SuLZER Engine. 

Probably the most original feature in the design of Messrs. Sulzer’s two- 
cycle engine is the provision of auxiliary ports above the level of the exhaust 
ports and of the ordinary scavenge ports, by means of which air is admitted 
into the cylinders after the exhaust ports are closed. Thus, before compression 
the air in the cylinders is at the pressure of the scavenging air and a small 
degree of super charging is thus obtained. The admission of air through the 
auxiliary ports is controlled by means of a valve situated in the scavenge 
air pipe, which valve is closed during the working stroke, and, therefore, the 
portion of the cylinder containing the auxiliary ports is available for useful 
work during the working or downward Stroke of the piston. 

Manoeuvring is effected by altering- the thwartship position of the rollers 
on the valve levers, and by this means the position in the stroke at which the 
starting and fuel valves are opened can be controlled. Sea water is used 
for cooling both the pistons and cylinders, and the piston cooling is effected 
by water being forced through a telescopic pipe on the downward stroke of 
the piston, travelling through the piston and being discharged through aother 
telescopic pipe. 

One of the most recent ships to come before the notice of the public is the 
" Aorangi," which was built by Messrs. The Fairfield Shipbuilding and Engineer¬ 
ing Co. for the Union Steamship Company of New Zealand. This vessel 
has a load displacement of about 22,000 tons and is designed for a service speed 
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of i8 knots. She is fitted with four six-cylinder single-acting Sulzer motors^ 
having an aggregate B.H.P. of 13,000 on the four shafts at a speed of about 
127 R.P.M. 

Still. Engine. 

This engine has recently aroused a great deal of interest, as it has for its 
principal object the utilisation of heat, which in the ordinary Diesel engine is 
wasted both in the exhaust gases and in the cylinder jackets. 

The general arrangement consists of a two-cycle Diesel engine and below 
this a steam cylinder, in which the steam acts on the underside of the piston. 

Instead of the ordinary arrangement of cooling jackets the walls of the 
Diesel cylinder are made as thin as possible, and fresh water is circulated 
throughout the jackets and pistons of the engine; the water thus heated passes 
direct to a steam boiler and the exhaust gases from the Diesel engine are also 
led to this boiler, where more steam is generated by this means. The steam 
so generated passes to the steam cylinders below the Diesel cylinders and 
contributes towards the power of the engine, and it is estimated that this 
additional power from the waste heat is about 20 per cent, of the power 
developed by the Diesel portion of the engine. This engine has been installed 
in a large motor yacht and in the M.S. Doluis, and has, I understand, given 
satisfactory results. 

Advantages of Double-Acting Engines. 

With the necessity for obtaining larger powers within a reasonable engine 
room space, and with the desire to economise weight, engineers have for several 
years past turned their attention to the production of the double-acting Diesel 
engine, which, in addition to increasing the power per cylinder, also reduces 
the variation of turning moment on each crank, thus reducing the stresses 
upon the engine and ultimately upon the structure of the ship. 

Double-acting Diesel engines have been designed both upon the two-cycle 
and four-cycle principles, and in most cases what may be called the piston 
rod engine has been adopted. This form of engine is subject to the dis¬ 
advantage that the piston rod is exposed to the full heat of combustion, that 
the high initial pressure in addition to the hot rod make the stuffing box 
difficult to keep tight, and the shape of the cylinder bottom due to the rod 
passing through the centre is not of the most suitable form for efficient 
combustion. 

These difficulties have to a great extent been overcome, and the principal 
types of double-acting Diesel engines are as follows :— 

1. Burmeister and Wain. 

2. North British Diesel. 

3. Werkspoor. 
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I. Burmeister and Wain. 

This engine is designed to work upon the four-cycle principle, and many 
of the most notable features in the Burmeister and Wain single-acting engine 
have been incorporated. 

The portion of the engine above the piston may be generally considered as 
the working portion of the Burmeister and Waih single-acting engine with 
similar type of cylinder covers. 

The difficulty of overheating of the piston rod and possible trouble with the 
piston rod stuffing box has been overcome partly by causing combustion 
below the i)iston to talce place in a separate chamber, at such a distance from 
the rod that the extreme heat of initial combustion would not appear to 
impinge directly upon the piston rod, and, secondly, by fitting a cast iron 
sleeve over the rod. This sleeve is provided with piston rings and works as 
an ordinary piston, thus removing the difficulties attendant upon the full 
pressure in the cylinder having to be resisted by the packing of the stuffing 
box. The sleeve and the stuffing box are both cooled by oil or water, and 
I understand that the results on the experimental engine have been very 
satisfactory. 

The cam shaft is, I understand, driven by means of a chain, which is a 
novel arrangement in Diesel engines of large power, and reversing will be 
effected in the usual way by sliding the cam shaft in a fore and aft direction, 
so as to bring the desired cams under the tappets. 

Another somewhat novel feature of this engine is that oil is used for piston 
cooling, and this has the advantage that, sliould any leakage in the piston 
cooling arrangements occur, no damage to the lubricating oil by mixture 
with water takes place. 

Two sets of these engines of 6,750 B.H.P. each in six cylinders is being installed 
in the Swedish passenger liner “ Gripsholm," and it is estimated that she 
should have a sea speed of about 17 knots. 

2 . North British Diesel Engine Co. 

The double-acting engine evolved by the above Company is amongst the 
most interesting of modem engines from the point of view of novelty of design, 
and the great differences between it and all other types of either single or double¬ 
acting Diesel engines is, that piston rods are dispensed with, and in order to 
open and close the scavenge ports, the cylinder itself slides through a small 
distance, which is an entirely new feature in Diesel engine design. 

The principal parts of the engine consist of the framework which carries, 
what may be termed, a cylindrical plug at both top and bottom; these plugs 
are fitted with piston rings and may be regarded as the top and bottom cylinder 
covers. Over each of these plugs is fitted a cylinder, the top and bottom 
cylinders being fastened together by means of tie rods. Scavenge ports are 
provided at the outer end of each cylinder, while the exhaust ports are provided 
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at the inner ends. A piston with a central crosshead which carries a connecting 
rod with a long fork works in the cylinders, and the arrangement is such that 
during the compression stroke at either end the piston covers the exhaust 
ports, while the position of the cylinder relative to the plugs in the end is such 
that the scavenge ports are closed. 

Towards the end of the compression stroke, fuel is injected into the cylinder 
through valves in the plug cover, and at the end of the working stroke, owing 
to the movement of the cylinder actuated by levers from the crosshead, the 
scavenge ports are opened, and at the same time the exhaust ports at the inner 
end are opened due to the movement of the piston. It will be obvious that 
while the working stroke is in progress in one end of the cylinder the com¬ 
pression stroke is taking place in the other end. 

This arrangement has the advantage that no piston rod is required, and 
that the shape of the combustion space at both ends of the cylinder can be 
made of the most suitable form for the most efficient combustion. The 
injection of fuel is carried out by means of compressed air. 

Owing to the length of the piston the connecting rod is of unusual length, 
and, therefore, the ratio of throw of crank to length of connecting rod is larger 
than usual, thus tending to minimise the stresses throughout the engine. 

Owing to the comparative lightness of the cylinders, and to the ease with 
which the connecting pieces between the two portions of each cylinder can be 
removed, the overhaul of the engine is a comparatively simple matter, as it is 
po^ible by simply releasing the ties between the top and bottom of the cylinder 
to examine either the top or the bottom portions of the piston and cylinders, 
as may be desired. 

In the original design of this engine it was intended that the fuel valves 
should be actuated by the same mechanism which caused the cylinders to 
slide, but fears were entertained that some sticking of the valve might occur 
in the lower portion of the engine, and as time did not permit of this arrange¬ 
ment being thoroughly tried out in the shop before the engine was rec^uired 
for service at sea, it was decided to fit a cam shaft in the usual way, as ample 
experience of this method of valve actuation was at the disposal of the builders. 

A three-unit set having a cylinder bore of 24J'" x 44^^ stroke and designed 
to give 2,000 B.H.P. at 100 R.P.M. has been installed in the M.S. “ Swanley," 
which is a vessel built to the order of Messrs. Harris and Dixon by Messrs. 
Barclay, Curie and Co., Ltd.; the vessel has a displacement of about 12,600 
tons, and her designed speed at sea was zo^ knots. This vessel has already 
made several voyages, and, I understand, the running of the machinery has 
in every way proved satisfactory. 

3. Werkspoor. 

This engine may briefly be described as a full Diesel engine on.the upper 
side of the piston and a semi-Diesel engine on the lower side, that is to say 
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that the usual compression of about 500 lbs. per square inch is used on the 
top of the piston, while a lower pressure, probably about 250 lbs. per square 
inch, is adopted beneath the piston, and in order to overcome the difficulties 
due to combustion taking place in close proximity to the piston rod a separate 
combustion chamber is arranged below the piston. 

This combustion chamber can be made of the most advantageous shape 
for efficient combustion, and the inlet, fuel and exhaust valves are situated 
in it, thus greatly reducing the difficulty of actuating the valves beneath 
the piston. 

The engine works on the four-cycle principle on both sides of the piston, 
and air injection is used for forcing the fuel into the cylinder. 

As the compression beneath the piston is not sufficiently high to produce 
self ignition when the engine is quite'cold, the engine is started a single- 
acting engine above the piston, and means are provided for the exhaust gases 
to have access to the combustion chamber below the piston by keeping the 
exhaust valves open. The exhaust gases consequently heat an uncooled 
liner which is situated in the lower combustion chamber, so that when fuel is 
injected the temperature of the air due to the combination of compression 
and hot liner is sufficient to produce ignition. 

A single-cylinder experimental engine of the four-cycle double-acting 
Werkspoor type has been erected in the shops of Messrs. The North Eastern 
Marine Engineering Co., at Wallsend, having a brake horse power of about 
600, and very satisfactory and encouraging results have been obtained on the 
test bench under conditions approximating as nearly as po.ssible to those of 
service at sea, the oil consumption being about .42 lbs. per B.H.P. per hour. 

Auxiliary Machinery. 

One of the most difficult questions to be'solved in a Diesel ship is the most 
suitable form of auxiliary machinery to be fitted, and in the early days it 
was considered by many engineers better to fit steam auxiliaries both on 
account of their comparative cheapness and on account of their reliability. 
Of recent years electricity as applied to auxiliaries, such as windlass, winches 
and pumps, has made such rapid progress, and marine engineers have become 
so much more accustomed to its use that the electrical auxiliary may now 
be regarded as practically as reliable and free from breakdown as its steam 
brother. Therefore, at the present time the question of the nature of the 
auxiliaries is governed principally by the trade in which the vessel is to be 
employed, it being borne in mind that the initial cost of steam auxiliaries is 
considerably lower than electrical auxiliaries; for instance, in the case of a 
general cargo steamer, where steam will not be required, electrical auxiliaries 
will, from an engineering point of view and economy in nmning, make a more 
satisfactory job, whereas in tank ships, where steam may be required for 
driving the cargo pumps or for heating the cargo in the tanks, then a pro- 
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portion of the auxiliaries might be steam driven ^o as to cut down the initial 
•cost, but it is desirable that a sufficient number of auxiliaries shall be electrically 
•driven to enable the vessel to be worked at sea without any steam, if desired. 

Engineers. 

One of the most important factors in connexion with the successful running 
♦of any internal combustion e^igine is that the men who have charge of the 
machine shall be fully competent to ^opk after it, and it is, therefore, of the 
greatest importance both to ship owners and builders that the machinery, 
whilst running, should be in the hands of fully qualified marine engineers. 
Owing to the rapid growth of the Diesel engine of recent years the number of 
men qualified by experience at sea with Diesel engines is at the moment some¬ 
what less than the demand, and the course which has been adopted by many 
of my friends who have embarked on Diesel tonnage has been to send the more 
.adaptable of their engineers who have had experience with steam engines into 
the works of the* Diesel engine builders, in order to acquaint themselves with 
•every detail of the machinery which will ultimately come under their charge, 
and by this means a staff of engineers fully capable of successfully running 
Diesel engines has been created. 

It has been already very clearly demonstrated that the conditions under 
which allowances from gross tonnage are made for propelling machinery, and 
coal bunkers and light and air space, differ entirely in the cases of steam engines 
and internal combustion engines, both by reason of the absence of main boilers 
in the latter, and also because of the fact that whilst the stowage of coal 
necessarily occupies space from which cargo would be shut out, liquid fuel 
may be stowed where ordinary cargo could not be carried, these latter factors 
increasing the freight earning power of the ship, although the engine room 
space, upon which the 13 per cent, of tlie gross tonnage which must be occupied 
by machinery space to qualify for full allowance for fuel, is sometimes un¬ 
necessarily enlarged in order to reach this qualification. The whole questionof 
allowance in regard to machinery space and fuel requires reconsideration by 
the Board of Trade and, no doubt, the increase in motor tonnage will bring 
about some changes at an early date in the methods of tonnage measurement 
as applied to motor ships. 

Future Navigation. 

One great hindrance to the development of large powers has been the 
limitation of the possible size of cylinders, having regard to the enormous 
initial pressure of the gases, and this limitation of size of cylinders has caused 
not only their multiplication upon each shaft, but the multiplication of shafts 
where very large power is required. The greatest power hitherto placed on 
board any one ship has been the case of the Aorangi,” and this great step 
in advance of building a quadruple screw motor ship of 18,500 tons gross 
is due to the fine enterprise of the Fairfield Shipbuilding Co., and the Union 
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S.S. Co., of New Zealand, and the thanks of the engineering profession 
generally are due to them, not only for their enterprise, but for the liberality 
with which they have thrown open their trials to the observations of their 
brother engineers. This ship on her trial trip obtained a speed of 18J knots 
when only three of the four propellers were at work, and her future success in 
ordinary working at high speed may, therefore, be anticipated \vith great 
confidence. 

Whilst the number of Diesel propelled sea-going ships at the outbreak of 
War in 1914 was 297, the number towards the close of 1924 had increased to 
1,950, 01 (rather more than six-and-a-half times in the ten years, and, as regards 
new construction now in progress, something under one million tons of shipping 
is now being built for propulsion by internal combustion engines, whilst 
slightly over one and a half million tons of new construction is being built 
for propulsion by steam engines. These figures give support to the belief 
that in a comparatively .short time the Diesel engine will almost wholly displace 
the steam boiler at sea, and this change might be expected to eventuate with 
ever-increasing rapidity if the cost of internal combustion engines should be 
reduced in proportion to a more reasonable basis of comparison per horse power. 

The fact, however, that development is still proceeding with rapid strides 
of design towards the double action type, and the consequent increase of power 
in proportion to weight, has as yet prevented standardisation to anything 
like the extent which had developed in triple expansion steam engines for sea¬ 
going purposes. No type of machinery lends itself more thoroughly to 
standardisation and labour saving in manufacture than internal combustion 
engines, and there is no doubt that when the present developments are more 
advanced, standardisation will reduce the cost to such a large extent as so 
to encourage the general use of Diesel machinery for navigation, that only 
for special purposes will the steam engine be able to hold its own in competition» 


DISCUSSION. 

The Chairman, (Lord Bearsted) in opening the discussion, said they had listened 
with, the deepest interest to the illuminating paper read by Sir Fortescue Flannery. 
He liad referred to the “Arum," the “Arabis" and the “ Abelia." Those 
vessels had been called into being because he (the Chairman) had not been satisfied 
with the idea that the majority of the engines of the day were being built by foreign 
firms, and he was extremely anxious that British builders should take up the 
internal combustion engine, which, he thought, would most certainly supersede 
the steam engine. He considered himself most fortunate in the builders he selected, 
viz., Messrs. Swan and Hunter, Wigham Richardson and Messrs. Armstrong. 
Whitworth. It was impossible to overrate the influence which Sir George Hunter 
had exercised in the matter of the application of the internal combustion engine. 
All who knew Sir George felt safe in placing a boat in his hands, and if thinga 
were not satisfactory in any way, it was quite certain he would see them through 
their troubles. Every one of the three ships mentioned had been sunk by German 
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submarines during the war, but they survived long enough to prove the excellence 
of the internal combustion engine beyond any shadow of doubt. 

The Chairman went on to demonstrate, by means of slides, how in the case 
of the steam-driven ships the engine room and the boiler room casing took up space 
which Was economised in the case of the oil-driven ship, while in addition the fore 
and aft peaks, which in the steamship could not be utilised with effect, were available 
for the storing of fuel in the motor ship. The tank under the engine room was 
also a most useful storing place for oil fuel. It was probably a matter of great 
surprise to the general public and those not technically concerned with these 
matters to learn that with the internal combustion engine no bunker spaces at 
all were required, because the consumption of oil was so incredibly small that the 
spaces which in a steamship were not utilised, such as the double bottom, could 
be used for the purpose of storing oil fuel up to the amount of goo tons in a sliip 
•of 6,000 deadweight, and this provided the additional advantage in that it saved 
the taking in of ballast. 

The total consumption of the main engines of the “ Arum ” and her sister ships 
was 6 tons of oil per day. With coal it would have been about 24 tons a day. 
As showing the enormous economy effected by the use of the internal combustion 
■engine a comparison might be made of the consumption of the main engines with 
that of the donkey boilers, which were quite small things. Nowadays, as Sir 
Fortescue Flannery had stated, electricity was very largely used for the working 
of auxiliary engines, but when the three ships mentioned were built, electricity 
had not been much developed for this purpose. In the case of the "Arum,” a 
ship of 6,000 tons, 6 tons only of oil fuel was required for her propulsion at a rate 
of 9 knots, and yet she required no less than 3 tons of oil fuel per day for her donkey 
boilers alone. The latest figures for a ship of 10,000 tons, making gh knots, showed 
that the fuel consumption was 45 tons of best Welsh coal (a thing they did not 
often get), 28 tons of oil for steam, but only 12 tons for all purposes with the Diesel 
engine. It was amazing and almost incredible to realise that for most voyages 
not more than 150 tons of oil fuel were required with the Diesel engine. 

A further slide showed the " Laconia " bunkering at the Petroleum Company’s 
station in Hong Kong, and the Chairman thought it should give a sense of 
security to the users of oil to contemplate tliat the great petroleum companies 
had spent millions of pounds in providing such stations, of which there were 120 
in all scattered over all parts of the world. The " Laconia ’* took in normally 
550 tons of oil fuel per hour. Probably, with the Diesel engine, she would not 
have needed 550 tons altogether. The whole of the superstructure about the 
funnel went by the board in the case of a Diesel engine driven ship. No funnel 
at all was required. 

With Diesel engine ships there was a much larger cargo-carrying capacity, 
whether by weight or measurement, and there was very little cost or delay 
in entering ports since the Diesel engine ship, which perhaps only required 
to take 50 or 100 tons of fuel, did not need to go alongside the quay as in the case 
of coal bunkering, but had a barge brought off to her from which the oil was taken 
on board. Under such conditions a ship could be under way again at the end 
of half-an-hour. This state of things had brought about a revolution in shipping 
matters, because while it might not be worth while for a ship to go into port, it 
was well worth while to spend half-an-hour in replenishing fuel if it enabled 300 
tons of additional cargo to be carried. At most ports of discharge oil could be 
obtained for motor ships, thus enabling them to undertake a fiesh voyhge without 
being compelled to deviate for bunkers. 
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Sir George Hunter, with great enterprise, had developed a liritish designed engine,, 
though the late Lord Pirrie, who whole-heartedly believed in the Diesel engine, 
was content to copy the Burmeister and Wain system, being responsible for having 
more Diesel ships afloat than any man living. 

The lecturer had referred to the “ Aorangi.” The engines of that ship were 
built by the Fairfield Shipbuilding and Engineering Company, but they were 
designed in Switzerland. It seemed a great pity that with the wonderful brains 
our builders possessed they should still to-day have to go to foreigners—and 
especially to Switzerland, who had no ships—for designs for their marine engines. 
That position was, however, a little redeemed by the reflection that those engines^ 
were being constructed and put into the ship in Great Britain. Tfie builders 
guarantied to the owners two alternatives, viz., a saving in the size of the ship 
of 25 per cent., or, alternatively, an increase of the passenger accommodation 
by 25 per cent. He was glad to think that it was the latter alternative which 
the owners chose. Let them just consider what that meant. It would mean 
that they would be carrying hundreds more passengers than would have been 
possible with a steam-driven ship of the same size, because the amount of space 
occupied by stokers was necessarily very large, and all that space could now be 
utilised for passengers, to say nothmg of the very great saving in the stokers’ 
wage bill. 

Sir Fortescue Flannery had mentumed the Swedish passenger liner, “ Gnpsholm," 
a very interesting ship only just recently launched. She was the first Atlantic 
liner of this type built by Messrs. Armstrong Whitworth, but he was sorry to say 
that her engines were being made in Copenhagen. She had 4-cycle double-acting 
engines of the Burmeister and Wain type, and the most interesting point about 
her—and it was an immense step forward—was that she was giving f,ioo H.H.P. 
per cylinder, an enormous advance. 

For auxiliary machinery electrical power was, in his opinion, essential because 
the cost of fuel for steam was quite prohibitive, except where it might be required,, 
as often did happen, to thaw the fuel in the tanks. 

The time had come when the education of intending Diesel engineers should 
be considered. This was a most vital matter, and every inducement should be 
offered to the Universities to take it up. Lloyds had always been, as Sir Fortescue 
Flannery had said, most broadminded and helpful. He could remember the lime 
when, like most pioneers, they were beset by great difficulties, and in those days 
they received nothing but help from Lloyds. In that connexion he would like 
to mention the name of Mr. Milton, who had now retired, but whose broadminded 
attitude helped enormously the introduction of liquid fuel, and, so long as he was 
at Lloyds, the internal combustion engine. It was only fair to say that Mr. Milton's, 
successors were following upon the same lines, as there had already been great 
modifications in the rules which militated against the internal combustion engine. 
They were at one time compelled undergo an annual survey, but that had been 
changed and the inspection was now a bi-annual one. and the actual overliaul 
was only once in four years. 

It was not altogether satisfactory to find that whilst on the Continent no less, 
than 80 per cent, of the tonnage which was being built was for internal combustion 
engines, in Great Britain the proportion was only 36 per cent., though it might 
well be that that 36 per cent, represented more in volume than the whole 80 per 
cent, of the Continental tonnage. 

A great econQmic question was involved in the change from coal to oil. Takings 
as a basis the production of oil in 1924, which was about 160,000,000 tons, and 
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•assuming that 50 per cent, of it might be used for internal combustion engines, 
that would mean that approximately no less than 300,000,000 tons of coal would 
be displaced by the newer power. It would be mad to ignore this. If there was 
a falling off in coal exports it must be realised tljat so far as the use of oil in ships 
was concerned it was going to continue and to increase. When it was considered 
that Diesel oil could be purchased at almost any port throughout the world at the 
price of £5 per ton—and that was higher than the average—the great companies 
having, wisely, he thought, decided to make a flat rate for oil throughout the world, 
that was equivalent on a very liberal calculation to not more than 25s. a ton for 
coal, and he believed in most ports the average cost of coal was very much higher 
than that. 

Having called attention to the fact that the Diesel engine ship need not take 
more than 150 tons of fuel on the longest voyage, he would like to take by way of 
exemplification of that statement the voyage to the Far East. Tanks were pro¬ 
vided at Malta, Ciibraltar, the Suez Canal, ■ Perim, Colombo, Penang, Singapore, 
Hong Kong, Shanghai and Yokohama, and the distance between any two of them 
did not involve the necessity for more than 150 tons of bunkers. 

The revolution in methods of bunkering thus brought about, though so great 
in the case of the Mercantile Marine, would be immeasurably greater in the case 
■of the Royal Navy. If every unit in the Navy were fitted with the Diesel engine, 
his estimate, which was based upon fact, was that the total annual requirements 
■of the Navy would not exceed 400,000 tons. The problem of maintaining supplies 
would be solved, because supplies could be obtained from any of the three oilfields 
situated in the British Empire, and the saving in cost might well make the Chancelloi^ 
of the Exchequer’s mouth water. 

He regretted to have to express the opinion that the Admiralty had not taken 
the best steps to bring about such a desirable consummation. He had explained 
how the matter was regarded by Lord Fisher, but so far as he was aware not 
a survey ship nor even a transport, which was a type of ship probably more likely 
to profit by the change than any other, was yet provided with Diesel engines. 
He was very glad to see T.ord Birkenhead present, and probably if he were at the 
Admiralty they would see a move made. By inviting the co-operation of and 
tenders from shipbuilders, not only would that class of ship benefit, but it would 
be more than likely that actual vessels of war would be designed, and he ventured 
earnestly to commend that course to the Admiralty. 

An extremely interesting proposal had been put before him by one of the ship¬ 
building and armament firms, which made the suggestion that if they could take 
a vessel similar to the “ Penelope ”—a well-known class of cruiser having a dis¬ 
placement of 3,520 tons and a speed of 28 knots—by re-arranging the vessel and 
introducing Diesel machinery it would be found possible to fit four sets of engines, 
giving a total horse power of 24,000 on a weight of 1,350 tons and a speed of 26 
knots. It would be seen from this that by the substitution of Diesel machiner^^ 
for turbines in such a boat, there was an increased weight of machinery of 450 
tons, an increased displacement of 450 tons, and a loss of speed of 2 knots ; but 
the design of the boat, as submitted, had certain points to recommend it, for, 
in addition to the absence of funnels, there would be a very much greater radius 
of action. Assuming, for instance, that the “ Penelope ” had a radius of action 
with full fuel supply of 4,000 knots, if fitted with Diesel machinery, that radius of 
action would be increased three times, say, to 12,000 knots. In face of this 
increased radius of action the loss of two kno^ in speed would be of little»importance 
to a ship designed primarily for the destruction of enemy ships, and the entire 
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absence of smoke and consequently the absence of funnels would render her almost 
invisible to hostile cruisers. Considering the serious results that followed from 
the cruising of the “ Emden " during the war, it would be appalling to think what 
might be effected by such a Diq^el engine cruiser being able to keep at sea for 
months without having to rebunker. 

The Right Hon. the Earl of Birkenhead said that he would be able to add 
very little to the two exhaustive speeches tb which they had just listened. He 
was not himself equipped with the necessary technical information—as most of 
those present were—to make it possible for him to follow everything that was 
said by the lecturer, but the latter had expressed himself with so much lucidity 
and plaiiiness that even he (the speaker) was able to follow without very great 
difficulty most of the points, and he was very grateful to Sir Fortescue Flannery 
for having dealt in so intelligible a manner with a very technical subject. 

He had been particularly interested in Sir Fortescue Flannery’s revelation of the 
fact that the Chairman’s active association with a subject so important was of such 
long standing. It was, indeed, a very remarkable circumstance and one eloquent 
of the many great services which Lord Bearsted had rendered to the community, 
that in this particular matter he saw so far ahead of his day and generation. 

The explanations which had been given to them in the lecture and in the speech 
of Lord Bearsted made him wonder how any steam-driven ship had the eflrontery 
to set foot, if he might so express it, upon any ocean in the world ! He confessed 
that he saw very few grounds for disputing the expectation expressed by both 
speakers that in the near future they would witness the entire disappearance of 
steam propelled vessels from the seas. It was a matter of interest and not without 
domestic and industrial importance to reflect what the effect of a change so 
momentous must be upon the coal interest, and employment in that interest 
in this country, but such calculations would carry him too. far from the immediate 
subject for which they were assembled on that occasion. He could not, however, 
doubt from the arguments which had been used by both speakers and from the 
convincing reasons with which they had supported their opinions, that within a 
time, which relatively to the lifetime of a navy must be pronounced as very short, 
oil would have replaced steam in all the battleships in most of the great navies of 
the world. 

To be a pioneer in anything non-criminal ini character was a distinction, and 
they must certainly accord to Lord Bearsted their appreciation of the decisive 
originality which he had shown in many other branches of life, and which had 
deservedly, when applied to his own private affairs, made him the master of 
that fortune so much of which he had generously devoted to public purposes. 

His Excellency the Japanese Ambassador said he had listened with great 
pleasure to Sir Fortescue Flannery’s paper and also to the interesting remarks- 
of the Chairman. He was unable to add anything useful on the subject, but he 
wished to be allowed to say that he attended with great pleasure that afternoon 
because the lecturer and the Chairman were both intimately connected with the 
affairs of his own country. The lecturer had told him that 45 years ago he had 
built one of Japan’s first battleships, which made a glorious name for herself in 
their struggles in their own waters. They in Japan had considered her a very 
big battleship at that tune, though the audience would smile to think she was only 
a ship of about 4,000 tons. Since that time enormous changes had taken place. 
Sir Fortescue Flaimery had now given him to understand there would be another 
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great change in the near future, and Japan would, no doubt, take a very greal 
interest in this question. 

With regard to the Chairman, he had taken a prominent part 30 years ago, 
when comparatively few people knew much about Japan, in assisting and in 
persuading his friends in the City of London to assist his country by the loan of 
money. Japan would now look forward to having assistance in the way of the 
supply of oil which, he was quite sure, after listening to the remarks of the Lecturer 
and the Chairman, they would require in large quantities. 

Engineek-Vice-Admiral Sir Robert Dixon, K.C.B. (Engineer-in-Chief of 
the Elect), said in the first place he would like to congratulate Sir Fortescue 
Flannery on his very interesting paper, which showed that depth of vision which 
Avas so necessary in dealing with engineering problems. Perhaps of all engineering 
problems, the development of the Diesel engine was one of the most dif&cult. 
Although a great deal of work had been done in the last four or five years in the way 
of that development, there was still much to be done before they could obtain 
those high powers which were necessary for a fast cruiser. 

In considering the development of the Diesel engine from the Naval point of 
view, it was necessary to examine its disadvantages. In the first place it was 
in its present form a crank engine. He thought all students of the steam engine 
would appreciate this disadvantage. As an example, they might take the case 
of the steam engine where, after 30 or 40 years* development, the maximum horse 
power developed at a moderate speed of 120 revolutions was 15,000 on a single shaft. 
That was indicated horse power, not shaft horse power. Shaft horse power would 
be appreciably less. With a fast running reciprocating steam engine a maximum 
liorse power of about 4,500 was obtained on a single shaft. The Diesel engine had 
very nearly approached, if it had not entirely reached that figure, as regards the 
fast running engine. 

Another point was the heat and metallurgical problem. This was a very difficult 
problem and one on which both engineers and metallurgists were now working. 
He thought he might also say that it was one in which Lord Bearsted was par¬ 
ticularly interested. 

Again, the internal combustion engine was in its present form much too heavy. 
Neither had it the capacity of the steam engine to give full torque at low speeds. 
At present also it was not so reliable, for the steam engine, even when in a bad 
state of repair, could be relied on to continue working, whereas in a good many 
cases quite a trifling defect might put the oil engine out of action. 

He laid particular stress on these disadvantages, because if improvements were 
to be made it was necessary to realise what the disadvantages were. All engineers 
realised that they would still have to make considerable progress before they 
obtained a reliable internal combustion engine.on weights that could be accepted, 
to develop say, 20,000 horse power on a single shaft. But what appeared to be the 
impossible of to-day was very often the common-place of to-morrow, and it was, 
therefore, quite possible that in the near future such powers as he had mentioned 
might be obtained. 

Lord Bearsted had referred to the Admiralty, perhaps in not very flattering terms, 
but he thought he might say that the Admiralty were pioneers in the installation 
of internal combustion engines on board ship. They had always taken a consider¬ 
able interest in the development of the internal combustion engine, and he thought 
he might also say they had taken part in that development. It w|is unusual, 
however, for the Admiralty to institute research work in engineering matters. 
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Generally speaking, the engineering firms of the country had carried out all the 
research work necessary, and still did so in most of its branches. But the fast¬ 
running, light-weight, high-powered engines required for the Navy were a very 
different and much more difficult problem than the lower-powered slow-running 
and heavy engines which were fitted in the Mercantile Marine. Nowadays one 
could hardly expect private firms to carry out expensive investigations on Diesel 
engines without some prospect of orders resulting from those investigations. 
That had been realised by the Admiralty, for Jn 1917 the Admiralty instituted 
an engineering laboratory, and he tliouglit he could say with confidence that 
that institution had already more than justified its existence by the work it had 
done. 

In that connexion it was interesting to note the evolution of the Diesel engine. 
As Sir Fortescue Flannery had told them, they had started with the 4-cycle engine, 
and then adopted the 2-cyclc engine, and quite recently there Jiad been fitted 
4-cycle double-acting engines. But if tliey were to get liigh powers on a single 
unit of a reasonable weight, it became more and more necessary to develop the 
2-cycle double-acting engine. It was on those lines that research work wa« being 
carried out, with, he hoped, a fair prospect of success. 

Whatever the future of the internal combustion engine miglit be, the whole 
development must tend to simplification in both design and working. They might 
remember that with the steam engine 30 or 40 years ago there were many and 
various complicated designs, from which what might be called the simple 
reciprocating engine of the present day was evolved. So that it might well be 
that from the many types of Diesel engine referred to by Sir J'ortescue Flannery, 
there might be evolved a simpler and more durable form of engine than existed at 
present. 

Lord Bearsted had referred to a cruiser of the “ Penelope ’ typ^ with regard 
to which there had been a design got out by some engine builders. He was sure 
the Admiralty would be very pleased to see that design and consider it, because 
he could say that the Admiralty was only too pleased so far as possible to pick 
other people's brains! 


Lord Beakstkd intimated that he would be pleased to submit the design tO' 
the Admiralty. 


Sir James Fortescue Feannery, in replying, said he had little to add to the 
illuminating discussion they had listened to,./ He must, however, thank the audience 
for the extreme attention with which they had been kind enough to listen to wJiat, 
after all, was a very dry dish of technical detail. If, however, the paper he had 
read liad no other effect than eliciting the subsequent discussion, it had not been 
altogether without its utility, particularly in view of what I-ord Bearsted had 
suggested and Sir Robert Dixon had accepted as to a design that would be con¬ 
sidered by the Admiralty. 

He would like to acknowledge on behalf of the mercantile section of the engineering 
profession the great indebtedness that engineers generally were under to the 
Admiralty for their establishment of the Research Department. Experiments 
were there carried out with that combination of purely scientific investigation 
and practical examination without which no advance in engineering was possible. 
He felt certain that if the great problem of obtaining larger power from the Diesel 
engine oi given weight, which was the chief problem for naval ships, was ever to 
be solved, it would be solved very largely by the result of those scientific and 
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practical investigations which were at present being vigorously carried out. They 
were all greatly indebted to the Admiralty, and particularly to Sir Robert Dixon 
in his capacity as Engineer-in-Chief, for the new departure, because it was a new 
departure as regards machinery, although it was an old departure as regards the 
form of ^ips. The establishment of that Research Department was one of th.e 
most effective and wisest expenditures of public money that had ever been incurred 
in conne.xion with the Navy or ships of other classes. 

His own observations had chiefly been directed towards mercantile shippings 
and in regard to mercantile shipping the problem of weight in proportion to the 
power developed did not arise so emphatically. What the mercantile shipowner 
required was economy in fuel far more so than economy in weight. He would, 
however, get both in the near future. As regards the Mercantile Marine, he was 
perfectly certain that in the near future there would be Diesel engine ships and 
Diesel engine ships only, except for certain special purposes. 

With regard to what Lord Bearsted had stated as to designs for engines coming 
from Switzerland and elsewhere abroad, he would like to say tliat although the 
general ideas of the design had come from abroad the practical working out of the 
details in the drawing offices of British marine engineers had very greatly changed, 
and changed in the most practical manner, the details of those engines, and he 
looked forward with complete confidence to the time when in the near future 
Great Britain would still lead the way in the great improvements which were^ 
he believed, near at hand and certain to be effected. 


OBITUARY. 

Lord Blyth. —The Society has sustained a severe loss by the death of T.ord 
Blyth, which took place at his London residence, 33, Portland Place, on February 8tli, 
at the age of 83. He had been a Member for over forty years, having been elected 
in 1882. In 1904 he was appointed a Vice-President, and he continued to serve 
on the Council, with one short break, until the time of his death. In 1911 he was 
elected Chairman of the Colonial (now the Dominions and Colonies) Section. He 
took a very special interest in this brand) of the Society's work, and was always 
ready to devote time and attention to it. On various occasions he presided over 
meetings of the Society and took part in the discussions. At the time when the 
question of purchasing the freehold of the Society's House was under consideration. 
Lord Blyth was appointed a member of the Premises Committee, and he contributed 
a hundred guineas to the Building Fund. 

Son of James Blyth, of Chelmsford, Lord Blyth was born in 1841, and in 1803 
he became a director of Messrs. W. and A. Gilbey, Ltd., of who.se founder, Sir 
Walter Gilbey, he was a nephew. Ih-evious to transferring his services to the 
Gilbeys, he was with another firm doing a large business in South African wines. 
By opening British markets to French light wines, the Budget of i860 dealt a 
great blow to the popularity of Cape wines, but the Gilbeys took the bold, and 
as it proved fortunate, step of passing on to their customers all the benefit that 
accrued from the reduction of the duty by 70 per cent. “ Never,” it has l;een 
observed, “ was there fuller illustration of the tide in the affairs of men wliich,, 
taken at the flood, leads on to fortune.” 

Lord Blyth's public activities were many and various He became well known 
as a breeder and exhibitor of cattle, his herd of Jerseys at Blythswood, Essex, 
being among the most famous in England. Later he took up the breeding of 
Southdown sheep and Shire horses, and he was equally successful with these. 
Some twenty years ago he generously placed his home farm at tfie disposal 
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University of London. Uiiivetsity College, Gower Street, 
W.C. 5.30 p.m. Mr. VV. J. Perry, " The Spread of 
Culture.** 

At King’s College, Strand, W.C. 5-30 p.m. Rev. R. 
Hanson. **ls there an a priori Religious Judgment? ” 
At the institute of Historical Research, Malct Street, 
W.C. Sir Bernard Pares, “ Contemporary Russia 
from 1861.” (Lecture VII.) 

At the Royal School of Mines, South Kensington, 
S.W. 5.30 p.m. Prof. C. A. Edwards, “ Chemical 
Combinatiori in Metallic .Allovs and its Nature." 
(Lecture I.) 

At the Middlesex Hospital Medical School, Cleveland 
Street, W. 5 p.m. Mr. E. C. Dodds, Chemistry 
of the Internal Secretions." (Lecture VIII,) 

*WKbNfcsuAY, Makch 4.. PubUc .4nnly.sts, Society of, at 
the Chemical Society, Burlington House, Piccadilly, 
W. 8 p.na. I. Mr. G. Van B. Gilmour, " A New 
Method f^ the Determination of Butter Fat." 2. 
Mr. R. C. Frederick, The Investigation of Ventilation 
(Editions." 3. Messrs. R. C. Frederick and E. R. 
Webster, " A Simple and Self-Contained Sooctroscope 
Lighting Unit.” 4- Mr. P. K. FrdhUch, "The 
Carbon Error in the Quantitative Deposition of Nickel 
and Iron from Complex Oxalate Electrolytes." 
Microscopical Society, 20, Hanover Square, W. 7.30 
p.m. Meeting of Biological Section. 

Oriental Studies, School of, London Institution, Finsbur>' 
Circus, E.C. 3.15 p.m. Mr. £. Richmond, " Early 
Moslem Architecture." (Lecture IV.) 

Economics and Political faience, London School of, 
Houghton Street, Aldwych, W.C. 5 p.m. Mr. F. 
Pick, " The Principles of Design • as Applied to »jur 
Cities and ToMms." 

Swiney Lectures, King’s College. Strand, W.C. 5.30 p.in. 
Dr. W. T. Gordon, " The Geological History of 
Plants.” (Lecture IV.) 

Brewing, Institute of. Queen's Hotel, Burlon-on-Trent. 
Mr. S. K. Thorpe, “ Technical and Commercial 
Terms used in Brewing and Allied Trades.” 

Electrical Engineers, Institution of. Savoy Place, Victoria 
Embankmrat, W.C. 6 p.m. (Wireless Section.) 
I. Mr. D. Dye, "Current Transformer Methods of 
produciM small known voltages and currents at 
Radio Frequencies for Calibrating Purposes.” 2 
I.t.-Col. K. E. Edgworth and Lieut, G, W, N. Cobbold, 
" The Measurement of Frequency and Allied Quantitieh 
in Wireless Telegraphy." 

.Archaeological Institute, at the Society of Antiquaries, 
Burlington House, IMccadillv, W. 3 p.m. Mr. C. A. 
Bradford, " Heart Burial.” 

•University of London, University College, Gower Street, 
W.C. . j.30 p.m. Prof. T. B. Wood, " The Nutrition 
of the Vou^ Animal.” (Lecture I.) 

•i.30 p.m. I. Bjdrkhagen, "The Swedish Novel 
from Almquist to Strindberg.” (Lecture I.) 

At King's College, Strand, W.C. 3.30 p.m. Sir 
E. Denison Ross," Travellers’ Tales and the Kingdoms 
of Prester John, A.D. 1150-1350." 

At St. Bartholomew's Hospital Medical School, 6. 
Giltspur Street, E.C. 3 p.m. Dr. J. M. D. Sratt, 
" The Medullary Centres." (I-ecturc IV.) 

.At the Royal School of Mines, South Kensington, 
S.W. 5.30 p.m. Prof. C. A. Edwards, " Chemical 
Combination in Metallic Alloys and its Nature.” 
(Lecture II.) 


Thursday, March 5..Koval Society, Burlington House, 
Piccadilly. W. 4.30 p.m. 

Linnean Society, Burlington House, Piccadilly, W. 5 p.m. 
Chemica] Society, Burlington House, Piccadilly, W. 
8 p.m. I. Messrs. I. J. Faulkner and T. M. Lowry, 
" Studies of dynamic isomerism. Part XVII. The 
mutarotation of aluminium benzoylcamphor." 2. 
Mr. T. M. Lowry, " Studies of dynamic isomerism. 
Part XVIII. The mechanism of mutarotation, and 
of hydrolytic and prototropic change: with a criticism 
of Baker, Ingold and Thorpe’s doctrine of non¬ 
intervention.” 3. Messrs. T. M. Lowry and E. M. 
Ricban^ "Studies of dynamic isomerism. Part 
XIX. Experiments on the arrest of mutarotation 
in tetramethvlglunose." 

Victoria and Albert Museum, South Kensington, S.W. 
6 p.m. Mr. A. L. B. Ashton, " Chinese Sculpture.” 


, Royal Institution, Albemarle Street, W. 5.13 p.m. 
Sir Arthur S. Woodward, " Dinosaurs.” (Lrature II.) 
Child Study Society, 90, Buckingham Palace Road, 
S.W. 6 p.m. Mr. F. C. Richards. "Art in the 
Schools.” 

Aeronautical Society, 7, Albemarle Street, W. 5.30 p.m^ 
Ueut.-Col. C. B. Heald, " Some Medical Aspects of 
Air Transport.” 

London County Council, at the Geffrye Museum, Kings- 
land Road, E. 7.30 pm. Mr. P. A. Welb, 
" Marquetry, Parquetry, Inlaying and Intarsia 
of Furniture.” . . 

Electrical Engineers, Institution of, Savoy Place, Victoria 
Embankment, W.C. 6 p.m. Colonel T. F. Purvis, 
" The Post Office and Automatic Telephones.” 
Mechanical Engineers, Institution of (Glasgow Branch), 
at the Royal Technical College, Glasgow. 7*30 P*m. 
Mr. L. Pendreil, " The Production of a Modem 
Technical Journal.” 

S I. Western Branch), at the Engineers’ Club, 
anchester. 7 p.m. Dr. W. If. Hatfield, " Recent 
Developments in Corrosive Resisting Steels.” 
University of London, University College, Gower Street, 
W.C. 5 p.m. Mr. G. A. Sutherland, " Auditorium 
Acoustics.” (Lecture II.) 

5.30 p.m. Prof. E. G. Gardner," MatXini as a Literar>’ 
Critic.” 

At King’s College, Strand, W.C. 3.30 p.m. Dr. A. R. 
Pastor, " Spanish Saints and Heretics.” (Lecture II.) 

6.30 p.m. Dr. O. Vocadlb, *' Czech Civilisation.” 
(Lecture VIII.) 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Prince D. S. Mirsky, " Russian 
Literature in the Second Half of the Nineteenth 
Century.” (Lecture VII.) 

Friday, March 6..Royal Institution, Albemarle Street, 
W. 9 p.m. Sir Arthur Keith," Conce rn i ng the Rate 
of Man's Creation." 

Auctioneers’ and Estate Agents’ Institute, 29, Lincoln's 
Inn Fidds, W.C. 7.30 p.m. Mr. L. W. Chubb, 
" Commons and Rights of Way." 

Philological Society, University College, Gower Street, 
W.C. 5.30 p.m. Mr. C. T. Onions, " Dictionary 
Evening." 

Metals, Institute of (Local Centre), at the University, 
St. George’s Square, Sheffield. 7.30 p.m. Mr. J. A. 
Lee, " The Evolution of the Furnace.^' 

Mechanical Engineers, Institution of, (Informal 
Meeting). Storey’s Gate, Westminster, SW, 7 p.m. 
Discusrion on " Pitfalls for Patentees.” 

(Yorkshire Branch.) Philosophiral Hall, Park Row, 
Leeds. 7.30 p.m. Mr 11. Kelway-Bamber, " Rail 
Motor Cars." 

(Midland Branch), in the Gas Department, Margaret 
Street, Birmingham. 7.30 p.m. Mr. F. L. Atkin, 
" The Commercial Testing of Materials." 
Pho^raphic Society, 35> Russell Square, W.C. 7 p.m. 
Discussion on " The Work in the Piety’s Permanent 
Collection of H. P. Robinson and A. Hordey Hinton." 
Engineers, Junior Institution of, 39, Victoria Street 
S.W. 7.30 P.m. Mr. E. V. Etchells, "How to 
Apply for a Job and How Not to do it." 

Geologists’ Association, University College, Gower 
Street, W.C. 7.30 p.m. Mr. J. J. Hartley, "The 
Succession and Structure of the Borrowdale Volcanic 
Series as developed in the area lying between the 
lakes of Grasmere, Windermere and Coniston." 
Sanitary Institute, Town Hall, Halifax. 4 p.m. i. 
Mr. J. Pollard, " The Working of the Milk and Dairies 
.2. Mr. H. T. Lea, " Some 


(Amendment) Act, 1922.’ 
Food Dangers." 


U;iiversity of London, at King's College, Strand, W.C. 

5.30 p.m. Baron A. F. Meyendorff, "The Russian 
Church, Past and Present." (Lecture I.) 

Saturday, March 7*-Medici Society, at the Royal 
Society of Arts, John Street, Adelohi, W.C. 3 p.m. 
Miss L. Simpson, " Botticdli, a Fifteenth Century 
Modem." ^ 

Royal Institution, Albemarle Street, W. 3 p.m. Prof. 
Sir Ernest Rutherford," The Counting of the Atoms.” 
(Lecture II.) 

London County Council, at the Homlman Museum, 
Forest Hill, S.E. 3.30 p.m. Miss M. A. Murray 
Modem Excavations in Egypt.” 
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NOTICES. 


NEXT WEEK. 

Wednesday, March iith, at 4.30 p.m. (Ordinary Meeting.) Emile 
Cammaerts, " The Restoration of Belgian Towns.” Viscount Burnham, 
C.H., LL.D., will preside. Tea and coffee will be served in the Library at 
4 P-m. _ 

DOMINIONS AND COLONIES SECTION. 

Tuesday, February 24th, 1925. Major-General Sir Ernest D. 
SwiNTON, K.B.E., C.B., D.S.O., R.E., in the Chair. 

A paper on " Transport in Tropical Africa ” was read by Mr. R. H. 
Brackenbury, Member, Empire Cotton Growing Corporation Sub-Committee 
on Transport. 

The following took part in the discussion :—Rt. Hon. Sir Frederick Lugard, 
G.C.M.G., C.B., D.S.O., Sir Robert Hamilton, M.P., Mr. G. H. Baillie, Colonel 
P. H. Johnson, C.B.E., D.S.O., Managing Director, Roadless Traction, 
Limited, Colonel Sir Sydney D. Crookshank, K.C.M.G., C.B., C.I.E., Sir William 
M. Acworth, K.C.S.I., Lieut.-Colonel F. D. Hammond, C.B.E., D.S.O., Captain 
Frederic Shelford, M.Inst.C.E., and Major Sir Humphrey L^ett, D.S.O., 
R.E. 

The paper and discussion will be published in a subsequent number of the 
JoimaL 

TWELFTH ORDINARY MEETING. 

Wednesday, 25th February, 1925. The Hon. Sir Charles A. Parsons, 
K.C.B., LL.D., F.R.S., in the Chair. 

The following Candidates were proposed for election as Fellows of the 
Society:— 

Banner, Edgar Harold Walter, M.Sc., Wembley, Middlesex. 

Binns, Arthur, Keighley, Yorks. 
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Burton, Montague, Leeds. 

Davidson, John, Edinburgh. . 

Lockwood, Crosby, M.C., M.A., London. 

Lowe» G. C. T., Liverpool. 

Minnikm, George Kennison, Windermere, Westmorland. 

Priestley, James Nicholl, St. Anne’s on the .Sea, Lancs. 

Rutt, Harold Alfred, London. 

Trigge, Joseph Edward, Croydon. 

The following Candidates were duly elected Fellows of the Society :— 
Bennett, James Henry, M.l.Mar.K., Shethela 
Cayley, Bernard Briggs, London. 

Cayley, Percy John, Croydon. 

Lancaster, Thomas Alfred, Barnston, Birkenhead. 

Murrell, Frank, Weston-super-Mare. 

North, Robert Benson, Junr., Watford. 

Paul, Robert William, M.I.E.E., London. 

Rickaby, Tom Walton, London. 

Sell, Donald Frank, London. 

Standfield, Frank, Assoc.M.Inst. C.E., Surbiton, Surrey. 

Truscott, Sir George Wyatt, Bt., London. 

A paper on The Power of Internal Combustion Engines for Motor Cars " 
was read by Sir Dugald Clerk, K.B.E., D.Sc., F.R.S. 

The following took part in the discussion:—Lieut.-Colonel Mervjm 
O'Gorman, C.B., Professor W. E. Dalby, F.R.S., Viscount Falmouth, Dr. 
W. R. Ormandy, Mr. L. A. Legros, O.B.E., Mr. A. E. Pamacott, Mr. J. Ronca 
(Board of Trade), Mr. R. 4 -Ababrelton and Mr. A. F. Evans. 

The paper and discussion will be published in a subsequent number of the 
Journal, 


CANTOR LECTURE. 

Monday, March 2nd, 1925; Mr. Walter C. Hancock in the Chair. Dr. 
Walter Rosenhain, F.R.S., Superintendent of the Department of Metallurgy 
and Metallurgical Chemistry, National Physical Laboratory, delivered the 
third and final lecture of his course," The Inner Structure of Alloys.” 

On the motion of the Chairman a vote of thanks was accorded to Dr. 
Rosenhain for his interesting course. 

The lectures will be published in the Journal during the Summer recess. 


THE ALBERT MEDAL. 

The Council will proceed to consider the award of the Albert Medal of the 
Royal Society of Arts for 1925 early in May next, and they therefore invite 
FeUows of the Society to forward to the Secretary on or before Saturday, 
March 21st, the names of. such men of high distinction as they may think 
worthy of this honour. The medal was struck to reward ''distinguished 
merit in promoting Arts, Manufactures, and Commerce,” and has been 
awarded as follows in previous years:— 
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1864. Sir Rowland Hill, K.C.B.. F.R.S. 

1863, His Imperial Majesty Napoleon 
III. 

1866, Michael Faraday, DX.L., F.R.S. 

1867, Sir W. Fothergill Cooke and Sir 
Charles Wheat&tone, F.R.S. 

x868, Sir Joseph Whitworth, LL.D., 
F.R.S. 

1869, 'Baron J ustus von Liebig. 

1870, Vicomte Ferdinand de I-esseps, 
Hon. G.C.S.I. 

1871, Sir Henry Cole, K.C.B. 

1872, Sir Henry Bessemer, F.R.S. 

1873, Michel Eiigdne Chevreul, For. 
Memb. R.S. 

1874, Sir C. W. Siemens, D.C.L., F.R.S. 

1875, Michel Chevalier. 

1876, SirGeorgeB. Airj', K.C.B., F.R.S. 

1877, Jean Baptiste Dumas, For. 
Memb. R.S. 

1878, Sir Wm. G. Armstrong (after¬ 
wards Lord Armstrong), C.B., D.C.L., 
F.R.S. 

1879, Sir William Thomson (afterwards 
Lord Kelvin), O.M., LL.D., D.C.L., F.R.S. 

1880, James Prescott Joule, LL.D., 
D.C.L., F.R.S. 

1881, Professor August Wilhelm Hof¬ 
mann, M.D., LL.D., F.R.S. 

1882, Louis Pasteur. 

1883, Joseph Dalton Hooker, 
K.C.S.I., C.B., M.D., D.C.L., LL.D., 
F.R.S. 

1884, Captain James Buchanan Eads. 

1885, Sir Henry Doulton. 

1886, Samuel Cunliffe Lister (after¬ 
wards Lord Masham). 

1887, Her Majesty Queen Victoria. 

1888, Professor Hermann Louis Helm¬ 
holtz. 

1889, John Percy, LL.D., F.R.S. 

1890, Sir William Henry Perkin, F.R.S. 

1891, Sir Frederick Abel, Bt., G.C.V.O., 
K.C.B,, D.C.L., D.Sc., F.R.S. 

1892, Thomas Alva Edison. 

1893, Sir John Bennet Lawes, Bt., 
F.R.S., and Sir Henry Gilbert, Ph.D., 
F.R.S. 

1894, Sir Joseph .(afterwards Lord) 
Lister, F.R.S. 

i 895« Slf Isaac Lowthian Bell, Bt., 
F.R.S. 


1896, Professor David Edward Hughes, 

F. R.S. 

1897, George James Symons, F.R.S. 

1898, Professor Robert Wilhelm 
Bunsen, M.D., For. Memb. R.S. 

1899, Sir William Crookes, O.M., F.R.S. 

1900, Henry Wilde, F.R.S. 

1901, His Majesty King Edward VII. 

1902, Professor Alexander Graham Bell. 

1903, Sir Charles Augustus Hartley, 
K.C.M.G. 

1904, Walter Crane. 

1905, Lord Rayleigh. O.M., D.C.L., 
Sc.D., F.R.S. 

1906, Sir Joseph Wilson Swan, M.A., 
D.Sc., F.R.S. 

1907, TheEarlof Cromer, O.M.,G.C.B., 

G. C.M.G., K.C.S.I., C.I.E. 

1908, Sir James Dewar, M.A., D.Sc., 
LL.D., F.R.S. 

1909, Sir Andrew Noble, K.C.B., D.Sc., 
D.C.L., F.R.S. 

J910, Madame Curie. 

1911, The Hon. Sir Charles Algernon 
Parsons, K.C.B., LL.D., F.R.S. 

1912, The Right Hon. Lord Strathcona 
and Mount Royal, G.C.M.G., G.C.V.O., 
LL.D., D.C.L., F.R.S. 

1913, His Majesty King George V. 

1914, Chevalier Guglielmo Marconi, 
G.C.V.O., LL.D., D.Sc. 

1915, Sir Joseph John Thomson, O.M., 
D.Sc., LL.D., F.R.S. 

1916, Professor Elias Metclmikoff. 

1917, Orville Wright. 

1918, Sir Richard Tetley Glazebrook, 
C.B., Sc.D.. F.R.S. 

1919, Sir Oliver Joseph Lodge, D.Sc., 
LL.D., F.R.S. 

1920, Professor Albert Abraham 
Michelson, For. Memb. R.S. 

1921, Professor John Ambrose Flem¬ 
ing, D.Sc., F.R.S. 

1922, Sir Dugald Clerk, K.B.E., D.Sc., 
LL.D.^F.R.S. 

1923, Major-General Sir David Bruce, 
K.C.B.. D.Sc.. LL.D.. F.R.C.P., F.R.S., 
and C^onel Sir Ronald Ross, K.C.B., 
K.C.M.G.. D.Sc.. LL.D.. M.D.. F.R.C.S.. 
F.R.S. 

1924, H.R.H. The Prince of Waees, 
K.G. 
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PROCEEDINGS OF THE SOCIETY. 


EIGHTH ORDINARY MEETING. 

Wednesday, January 28th, 1925. 

Sir George Hopwood Hume, M.P., L.C.C., in the Chair. 

The Chairman said that the original invitation for designs for a County Hall 
resulted in something like ninety-nine entries, the work of 152 architects.. The 
reconstruction of the river wall was begun in January, 1909, and the King laid the 
foundation stone of the building in 1912. The constructional work was seriously 
delayed owing to the war, when all operations were stopped, and the urfinished 
bmlding was taken over by the Government for the Department of Food Control.. 
The result of all this was that the original estimates for the cost of the hall were 
altogether upset, and the figure had swollen to an immense extent, owing to the 
Work having to be commenced again when prices were extremely 'high. The 
constructional work was not resumed until 1919, and the building was formally 
opened by the King in 1922. A paper had already been read by Mr. Ralph Knott,, 
the architect, describing the architectural details of the building, and there had been 
other papers read before the Royal Institution of British Architects and the Institu¬ 
tion of Heating and Ventilating Engineers. The paper to be read that evening went 
a stage further and dealt with the electrical equipment, detailed particulars of which 
might be multiplied very largely indeed. The automatic telephone system could, 
occupy an hour by itself. Automatic telephones were now being very largely 
developed. The Post Office was taking the matter up with much seriousness and 
immense improvements had been effected. An expenditure of millions of pounds 
on the development of this system, in London and the country, was contemplated, 
and it would be extremely interesting to have a few words on the application of 
this system to so large a hall as that of the London Gounty Council. Another 
interesting point was that the building'contained laboratories in which the Medical 
Officer of Health carried out experiments, but he did not think Mr. Baker would, 
deal with that very fully. He would also like to say a word about the lecturer. 
Mr. Baker had been with the London County Council for nearly twenty years. 
He was one of those officers who made everything go smoothly, although himself 
remaining in the background. When the question arose as to what should be done 
with regard to electrical equipment at the County Hall, the Chief Engineer, Mr. 
G. W. Humphreys, who was just at that time succeeding Sir Maurice Fitzmaurice,. 
consulted the latter gentleman as to whether the Council should carry out this work 
itself or call in someone from outside, and Sir Maurice Fitzmaurice said: We have 
a man in the CounciPs service who is quite competent to carry out the work." Ho 
did carry it out, and he was there that evening to describe how it was done. 

The paper read was :— 

THE ELECTRICAL EQUIPMENT OF THE LONDON COUNTY HALL. 

By Charles A. Baker, M.LE.E,, Assistant Engineer of the London 
County CoundL 

The building, now well known to all the London members, is situated on the* 
River Thames near Westminster Bridge. 

The site—^including 2} acres of reclaimed foreshore—^measures about 6}. 
acres and in 1906 international invitations' ifrere issued for competitive designs 
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o an appropriate building; that sent in by Mr. Ralph Knott was eventually 
selected. 

The building now erected consists of 9 storeys, including a basement and 
sub-basement, the roof ridge being about 130 feet above the foundation ; the 
Council Chamber is 55 feet high, the rooms generally on the ist floor 16 feet, and 
the offices throughout about ii| to 12 feet from floor to ceiling; it provides 
accommodation for 200 members and a staff of 2,270; the northern extension 
—of which the foundations are under construction—^will afford further staff 
accommodation for about 600. The Medical Officer's Department includes 
various laboratories. There are also luncheon rooms, kitchens, cold storage, 
larders and considerable storage accommodation for records, etc., in the 
basement and sub-basement. 

During the construction of the building a temporary supply of electrical 
energy was taken at 460 volts, d.c., for lighting and to operate the following 
plant:— 

8— 5 ton Derricks with 20 h.p. motors. 

1— 10 „ Ditto 30 ditto. 

2— 5 „ Travellers with 20 and 12 h.p. motoi-s. 

I— 8 „ „ twin jib with 20, 20 and 12 h.p. motors. 

3— 3 Hoists with 30 h.p. motors. 

22 motors, totalling 166 h.p., were used for crushers, mixers, barrow hoists, 
pumps, air compressors, etc ; a total connected power load of about 566 h.p. 
The travelling cranes were supplied through armoured cables with plug boxes 
fixed at intervals to which cab tyre trailing cables were connected. 

One of the earliest questions that arose when dealing with the permanent 
equipment of the buildmg was that of the source of electrical supply; whether 
to generate it or to purchase it. Under the first heading numerous methods 
present themselves, under the second there are alternative tariffs one or other 
of which according to circumstances may be the more advantageous. 

Some approximation of the load and load factor must be calculated; a 
building used largely for office accommodation does not at first sight appear to 
offer an attractive load factor but there is a lot of work to be done after office 
hours in cleaning such a building for which purpose ample illumination is 
necessary. It was eventually recommended to purchase the whole of the 
electrical energy from the London Electric Supply Corporation, Ltd., in whose 
area of supply alone the building is situated and for safety against possible 
failure of supply the Company agreed to bring in a main from an independent 
generating station to provide approximately 10 per cent, of the energy for 
lighting, and this was effected by arrangement with the Westminster Electric 
Supply Corporation, Ltd. The supplies are thus obtained from one generating 
station at Deptford (about 4^ miles east), and another at St. John's Wood 
(about 3 miles north-west). 

Accommodation for a zo,ooo volt sub-station measuring about 30 feet x 30 
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feet, shown at " E Fig. i, was provided in the sub-basement in which thfee 
single phase transformers each of 250 kilowatts capacity are located. 

The extra high tension mains are brought in through three inch cast-iron 
pipes. The supply is usually taken through cables running direct from Dept¬ 
ford, but should these fail the supply can be given through either of two 
alternative mains. 

The extra high tension equipment is located in cubicles formed against the 
sub-station wall, enclosed with steel frames and doors. The bus bars consist 
. of ly X copper insulated on porcelain supports, air break isolating switches 
and oil break circuit switches being arranged in separate cubicles. The oil 
switches are operated by levers which pass across the floor in covered ducts to 
the operating handles fitted on the Control Panel. 

The secondary sides of the transformers are wound for 420 volts with middle 
point connection to enable the distribution to be carried out on the three wire 
system. The low tension cables run direct to the main switchrooms *' A.B. 
and D.** (Fig. i.) The lighting of the building generally is taken from this 
supply. 

The power supply is connected to the London Electric Supply Corporation's 
D.C. mains at 460 volts with three services brought into the building at 
the three switchrooms above referred to. 

The auxiliary supply of the Westminster Company is direct current at 400 
volts; a triple concentric main of 0.5 x 0.5 x 0.25 sq. in. section is laid over 
Westminster Bridge and connected to the Company's mains near the House 
of Conunons. To bring this voltage up to the a.c. figure of 420 volts and to allow 
for loss of pressure at this somewhat remote point from the Company's normal 
area of supply a motor booster is used. It is wound to boost each side from 
10 up to 15 volts with a full load output of 175 amperes. It comes automati¬ 
cally into circuit when the current rises to 25 amperes (with adjustment to suit 
conditions which may vary from time to time), as the load diminishes the 
contactors again operate in the reverse order, cutting the booster out of circuit 
and closing the main supply circuit direct on to the switchboard. 

The main switchrooms, A. B. and D., are in the sub-basement. Substantial 
wrought iron frames are built into the floor to carry the slate panels on which 
the switchgear, fuses and measuring instruments are mounted. 

In each room there are three switchboards to control respectively:— 
the A.C. supply for lighting, 
the D.C. auxiliary ditto, 
the D.C. power supply. 

The switchboards dealing with the A.C. supply are designed (on a basis of 
150 amperes per sq. in. of contact area) to carry 500 amperes and the branches 
to the distribution points (control rooms) for 100 amperes with throw-over 
switches to facilitate balancing the load on each side of the three wire system. 
The Boards were tested with 2,000 volts A.C. between current carrying parts 
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and the framework. Recording instruments can be connected in any circuit 
to check the rate or duration of consumption. 

The cable dividing boxes for the incoming and outgoing mains are attached 
to the switchboard framework; bare copper rod is used to connect the cable ends 
to the switchboard terminals. 

. The boards controlling the auxiliary supply are of similar pattern on a smaller 
scale. No subsidiary switches are used between the main circuit switches and 
the switches actually controlling the lamps. 

> The power boards are ironclad throughout with interlocked doors. 

Curves showing the monthly consumption for 1923 and the comparable 
consumption for 1924 are given on Fig. II. 

The main cables are paper insulated, triple core, drawn through 2.J nch 
wrought iron pipes to the respective control rooms. The wrought iron pipes 
are carried on racks attached to the steel joists of the sub-basement ceilings 
thence up through vertical chases which were arranged when the 
building was under construction. The importance of laying out the runs of 
the main cables at an early stage cannot be too strongly urged. Large sums of 
money are involved in cutting away brick and stonework if this is not done. 

The cables in the vertical ducts are armoured with galvanised steel wires— 
the horizontal cables are generally lead covered only. At the termination 
of the vertical runs the cables are clipped by a grip designed to sit 
in the end of the 2^ in. wrought iron pipe and bored internally to accurately 
fit the different sizes of cables used; for cables rising to the upper floors the pipes 
are cut and clips fixed at intermediate floors to carry part of the weight and thus 
relieve the strain at the top. # 

The three core cables used for the lighting circuits terminate at a dividing 
box in one or other of the control rooms, one side of the three-wire system being 
used on one floor and the other side of the system continued to the control room 
on the floor above; in this way a reasonably even balance has been effected. By 
using the three wire system of distribution to the control rooms about £8,000 
was saved in the copper conductors necessary to carry the energy. 

If the copper losses were taken as the basis of the exact sizes of all the mains in a 
building of this description a large number of comparatively short lengths of 
different size cables would need to be made; it was found more economical to 
restrict the sizes to three, viz.—0.2, 0.12, and 0.075 sq. in. for the outers with 
neutrals of 0.12, 0.075 and 0.04 sq. in. respectively; this it will be seen necessi¬ 
tated actually setting up the machines for manufacturing only 4 sizes of copper 
cores. 

From the dividing boxes V.I.R. cables are taken to the sub-distribution 
boards. 

Eight control rooms have been established on each floor, occupying, as far as 
circumstances permitted, identical sites on the plan of each floor to facilitate 
the layout of the chs^ for the vertical mains; in these rooms 165 sub-distri- 
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bution centres are constructed, from the fuses of which the circuits are looped 
to lamps and apparatus in the offices and corridors. About 240 miles of circuit 
wires are carri^ through steel conduits run principally in the air ducts (whidi 
form part of the corridors), thence into the rooms, the conduit tern /hating 
in a circular cast iron box 5 in. diameter, with internal fitting; irom 
this box a pendant is fixed and four holes round the side enable additional 
pendants to be run if wanted for any purpose. 

Behind the skirting boards a steel trough 2 J' x has been run, with direct 
connection to the conduit system, to facilitate modification of any circuits in 
the roomiJ without causing serious disfigurement to the decorations. 

Throughout the offices a system of general illumination has been provided 
giving about three foot candles on the working plane. The first floor fittings 
were specially designed by the Architect; the Council Chamber is lighted from 
four fittings, each of which contains ten 300 watt gas filled lamps, 
with a resulting illumination on the tables and desks of about 5.5 foot 
candles. 

Numerous samples of glass, to use in these fittings, were tested ; ultimately, 
a lightly obscured sample was approved through which the glowing filaments of 
the lamps could not be seen; the obscuration amounted to only 9 per cent. 

The offices on the 6th and 7th floors are provided with white opal reflectors, 
14 inches diameter and 7 inches deep, open at the top to give ample ventilation. 
The offices on the other floors are fitted with semi-indirect lighting, the bowls 
being as translucent as possible without permitting the lamp filaments to be 
visible. Samples of glass were tested in large quantities, and the majority of 
those finally approved cut off 15% of the direct illuminating rays. 

The corridors are lighted from the top with small lamps and frosted globes 
cutting off only 6J% of the light; there are 622 of these fittings. 

The approximate number of lamps in the building is 6,024, ^ connected load of 
622 kilowatts controlled by rather over 5,000 tumbler switches (these are moun¬ 
ted on grids fixed inside the c.i. boxes with collars to secure the cover plates). 
Approximately 98 miles of conduit, 4 miles of steel troughing behind skirting 
boards, 25,000 c.i. inspection and junction boxes and 10,000 yards of flexible 
cord insulated with pure rubber have been used on the work. 

Connected to the power supply—^460 volts, d.c.,—are 8 passenger lifts and 
13 goods and service lifts. The latter are all automatic; of the former one b 
automatic, three are controlled by car switch only, whUst four can be worked 
either as automatic or imder car switch control as desired according to the 
conditions of traffic; the morning, mid-day, and evening traffic respectively 
is exceedingly heavy. Two of the large lifts are fitted with motors of 40 h.p. 
running at 450/650 r.p.m., to carry 28 passengers at a lifting speed of 250 feet 
per minute. 

All the lift zooms (except in the case of some of the service lifts) can be 
reached from, the Inside of the bnilding, a matter to which the author attaches 
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considerable importance from the point of view of maintenance. A trap door 
is provided to allow the largest item composing part of the lift gear to be lowered 
to the floor beneath and a central girder is fixed at the ceiling level to which . 
blocks and tackle can be attached; levers are provided to enable a man single- 
handed to rdease the brakes gradually to bring the cage to one of the landings 
in case of failure of the motive power. 

In addition there are 58 electric motors used to drive ventilating and plenum 
fans, boiler and circulating pumps, refrigerating plant and to operate pneumatic 
tubes, the aggregate being 442 h.p., exclu^ve of minor apparatus such as floor 
poli^ers, vacuum sweepers, potato peelers, knife cleaners, envelope openers, 
etc. 

The electric clocks, fitted generally in each room throughout the building, 
number 805; these are driven off eight master clocks regulated to approxi¬ 
mately three seconds per month; half-minute impulses are stepped at intervals 
of a few seconds between the 8 circuits. The duration of the impulse is one 
ninth of a second and the circuit current three tenths of an ampere with eight- 
tenths of a volt per dial. A condenser is fitted in each master clock to relieve 
any tendency to sparkmg and non-inductive shunts are provided to the electro¬ 
magnets operating the dials; each circuit is protected by a thermal cut-out 
designed to safeguard the battery in case of a master clock stopping in closed 
contact or a short circuit occurring in the wiring system. 

' Two sets of small accumulators arc used for supplying energy to the clock 
circuits. 

Should a master clock cease to function for any reason, its circuit can be 
switched over to a relay, inserted in one of the other master dock circuits, and 
the series of docks controlled by the faulty master clock again energised without 
delay. The system is so well regulated that it has not been considered necessary 
to make any application for connection to the Greenwich time signal. 

The diameters of dials are generally 8 in., 10 in. and 12 in.; but quite a number 
of antique cases which served to house mechanical docks in the offices pre¬ 
viously occupied by the Council and its predecessor, the Metropolitan Board of 
Works, have been utilised and fitted with dectrical movements. 

Distant thermometers are fitted in different parts of the building indicating 
electrically, in the heating control room, both the wet and dry bulb tempera¬ 
tures. 

The automatic tdephone equipment enables the occupant of any room to get 
into communication immediatdy with an occupant in any other room in-the 
building; the same instrument serves for calls, via the Hop Exchange, to the 
outside world, but that traffic passes through a manually operated board. 

There are about 640 extensions on the automatic system, it is capable of 
enlargement up to 900; the value of automatic telephones in a large building 
cannot be overrated'; a private tdephone directory is essential and jnust be 
kept up^to-date; for one reason or another alteration in the occupation of rooms 



378 JOURNAL OF THE ROYAL SOCIETY OF ARTS. Jiar. si ms. 


is of frequent occurrence. In the absence of such a telephone system minor. 
systems of domestic telephones and electric beUs between heads of departments. 
and their subordinates come into existence, increase and multiply, costing a: 
lot of m<mey to maintain and serving no further purpose when any change of 
occupancy of the rooms occurs; the automatic S3rstem throughout the building 
avoids all this. 

A record of one normal week’s mtemal telephone communications over the 
system is as follows:—^Monday, 2,744 1 Tuesday, 3,030; Wednesday, 3,024 ;. 
Thursday, 3,193; Friday, 3,053; Saturday and Sunday, 1,445 ’> total, 16,489, 
approx^ately one message per occupant per diem. 

A s}rstem of supervisory alarms is provided to indicate any trouble should 
it arise and what part of the apparatus is affected. There are two ringing 
rotary-converters one or other of which is always in operation. The’Current for 
working the system is derived from duplicate sets of 25 accumulators of 280- 
ampere hour capacity with a 65 volt motor generator for charging them. A 
g^eral view of the front of the automatic switchgear and the charging motor 
generator will be shown by a lantern slide. 

Connected to the manual switchboard there are 43 exchange lines and 23 
tie-lines running to outside offices with which the Council needs to be frequently 
in communication. After office hours the manual board is closed down, certain 
lines are switched over to “ fire call ” instruments on each floor which the 
watchman can make use of, should necessity arise, and another switch puts any 
incoming calls on to a sub-switchboard, where a night watchman is always in 
attendance. 

The telephone switchroom is in the basement; the multiple cable is brought 
in from Belvedere Road and the internal mains run up the vertical chases- 
already described; the wiring to instruments is carried out through steel 
conduits to the various rooms. 

Only two small sets of domestic telephones have crept into existence, one in 
connexion with the dictation of correspondence and the other between the- 
canteen and kitchen. 

Somewhat special to the work carried on at the County Hall are the “ Division 
Bells” and the ” Annundatois." 

The bells form an important part in the method of settling any item of dispute- 
on the Council’s agenda; when a division is called the bells are set ringing and 
need to be of such a character that members will clearlyunderstand their purpose,, 
as distinct from any other bells in use in any part of the building. This is 
effected by mounting two gongs of different tones on either side of a striking, 
hammer; when the drcuit is dosed the hammer hits one gong and when the 
circuit is broken it rebounds tigainst the other. 'There are 69 of these bells,- 
wound to 200 ohms and arranged in five main circuits, with a small motor., 
driven controller operating the make and break of the individual drcuita. 
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in sequence, they are run off a set of accumulators located in a room adjoining 
the main switchroom. 

The “ annunciators/' of which there are ten, in the lobbies, library and 
principal rooms, used by the members on the first floor, with two test instru¬ 
ments in the transmitter room, are intended to indicate what matter is under 
discussion or who is speaking in the Council Chamber, so that members in the 
Library or elsewhere may be kept informed of what is happening. The Clerk 
of the Council controls the service by writing on a slip of paper any item whidi 
he wishes to appear, the slip of paper is inserted in a carrier, which in turn is 
placed in the pneumatic tube and immediately conveyed to the operator in 
the transmitter room. There the wording—for example:" Education Committee 
Report"—^is rapidly set up in special type, which is fixed in a frame 
so that it passes under seven electric contacts, any of these, making contact 
with the raised type, close circuits through electro-magnets on the receivers 
which actuate ink rollers arranged to press against a strip of moving paper, 
and so form printed letters ij' high that can be read from any part of the room 
in which the receiver is fixed. An example of the printing is shown on one of 
the lantern slides ; how the seven contacts come into operation can be easily 
followed. A message having reached the transmitter room appears on the 
receiving instruments about ij minutes later. 

Protection against lightning does not come strictly within the title of the paper, 
but as the system adopted is to some extent novel it may perhaps be referred 
to. Sixty-six prominent parts of the roof are protected by copper rods, from 
which short lengths of copper tape are run and riveted to the nearest joist 
forming part of the steel framework of the building—about 8,000 tons of steel 
have been used in this framework. Before deciding to dispense with the usual 
copper tapes and earth plates a series of tests were made. One end of a wire 
hawser was immersed in the river and the other end supported at roof level by 
a derrick and insulated. A number of measurements showed a resistance of 
less than 0.5 ohm between the hawser and the roof joists. 

The question of electrical cooking is now before the Kitchen Committee; 
nothing of any importance has been done in that way. 

The work described was carried out under the responsibility of the Chief 
Engineer of the London County Council, Mr. G. W. Humphreys, C.B.E. The 
author is particularly indebted to his assistants, Mr. A. H. Sears and Mr. H. G. 
Witham, for their generous efforts in carrying through the work. 


DISCUSSION. 

Mr. H. D. Wilkinson said that he had been especially interested in the duplica¬ 
tion of supply which had been arranged between the London and the Westminster 
Supply Corporations. It was always—as he knew from experience in theatre work— 
a|iMtter of somewhat lengthy negotiation to get these companies to give a stand-by 
supply, especially when, as in theatre work, there was required a change-over switch 
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of considerable magnitude. He had been interested also in the description of the 
automatic telephone, and especially in the fact that permission was given by the 
Post Office for connexion with the outside world. It stood to Mr. Baker's credit 
* that he should have overcome the inertia of the G.P.O. in providing such great 
'facilities for the important business which occupied the building in question. He 
hoped, a^ Mr. Baker had very properly said, that this might be the means of leading 
the Post Office to take a more lenient view when other people of less importance 
approached it. He (the speaker) had just returned from the United States, where 
he had been greatly struck with the telephone facilities. There they never seemed to 
have the least trouble to get a number. In many of the sky-scraper buildings 
the automatic telephones were installed. A telephone appeared to be on every 
man's table, and almost every second man had a telephone to his ear. He noticed 
that Si^ OUver Lodge had been sa3ring that although wireless was a most wonderful 
thing, yet to his mind the simple iron diaphragm responding in the telephone 
receiver to electrical impulses and transmitting the impulses in the form of sound 
was even more wonderful. That opinion, from a scientist of such high standing, 
opened up a remarkable line of thought. The telephone was an absolute 
necessity to business life, and arrangements such as Mr. Baker had made to get 
through to the right party quickly and with certainty were of marked utility. 

Mr. F. Hopit-JONES said that he was one of those who could testify to the great 
competence of the author in his particular department. It was most interesting 
to him to hear that it had ever been considered that outside experts should be called 
in in the early stages of this great scheme, but he was particularly pleased at the 
outcome of that brief consultation which resulted in Mr. Baker being given charge of 
the work. 

Mr. H. J. Greenwood (late Chairman, Establishment Committee, London County 
Council) referred to the close association he. had with Baker for nearly two 
years while the work which he had so admirably described in the paper was pro¬ 
ceeding. The work was amazingly complex, but through it all Mr. Baker never 
seemed to lose sight of that clear and direct purpose which had characterised his 
success in all his work, and at the same time no detail, however small, seemed to 
escape him. Throughout the whole of their association, which was a daily one for 
many months, the speaker was more and more amazed and more and more thankful 
as a member of the London County Council that that body had such an officer in 
charge of this great work. He thought that the Council might well look back with 
pride on the work done in this respect. 

Mr. Baker, in reply to a member of the audience, who asked for some particulars 
al^ut the ventilating arrangements, said that these were fully described by his 
colleague, Mr. Moodie, in a paper which he read jointly with Mr. Grenville before the 
Institution of Heating and Ventilating Engineers. The gtneral scheme was the 
Plenum S3rstem for the Council Chamber, the large committee rooms, and the sub¬ 
basement, and extract fans in the Council Chamber with outlet over the roof. The 
air for the Council was specially purified, cleansed, washed, and warmed. It was 
altogether a most complete system, refiecting the greatest credit on Mr. Moodie 
for all the trouble he had taken in designing it. It was probably a superior 
arrangement to that which existed in the House of Commons. 

The Secretary suggested that Mr. Baker might usefully give some further 
particulars about the automatic telephone system. The system was comparatively 
so new that many might welcome an explanation. 
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Mr. Baker said that in automatic telephony the caller used an ordinary standard 
telephone, by the side of which was a dial with ten finger-holes numbered i to o. 
In the first place, he removed the receiver from its hook, and then if, say, the number 
he wanted was 357, he would put his finger in the hole marked 3, turn the dial round 
to its stop, and then release it, when it would speedily return to its original 
position. The speed at which the dial fiew back was governed by a little adjustable 
two-ball governor, and during this return movement three contacts would be made 
in the case of the three digit, five contacts in the case of the five, and so on. It was 
this return motion on which ever3rthing depended. The three contacts made on 
the backward journey gave three impulses on the hundreds panel. Then the figure 
5 was dialled in the same way, when the contacts, owing to the first figure having 
been dialled, were transferred to the next panel, which gave the tens figures, and 
the same thing took place with the final figure, the 7. The whole operation 
should not last longer than 10 or 12 seconds, and it could be repeated as often 
as required. The main difficulty and the real source of trouble with automatic 
telephony was any accumulation of dust in the telephone switch room. 

Mr. H. R. Saxty was sure that it would be a great surprise to many laymen to 
know the immense extent of the work which pertained to the electrical equipment 
of the County Hall. He would have liked a few more details with regard to the 
annunciator, but he supposed it was difficult to make this intelligible without a 
very long description. 

A Member of the Audience asked whether, having got his lightning conductors 
attached to the steel joists of the building, Mr. Baker found it necessary to test 
periodically, and, if so, whether he had any arrangement for so doing. 

Mr. Baker said that it was distinctly desirable to test anything of that kind 
periodically. He was enabled to do this by means of conductors fixed to the 
chimney shaft for the boilers. That chimney shaft was put up before the steel work 
of the building was arranged, and he had to run copper tapes from the top of the 
chimney shaft to the bottom and connect to the earth there. This served his pur¬ 
pose when he wanted to test the other rods. 

Mr. R. a-Ababrelton said that he was glad to have this last explanation, because, 
understanding that the County Hall stood on a thick bed of concrete, he had been 
puzzled to think how the author managed to get to earth. 

Mr. Baker said that the block of concrete was waterlogged and to some extent 
porous. The lift shafts, which were numerous, were each fitted with metal 
guides, and it was desirable in some cases to scratch a hole in the concrete 
to put the foot of the guide into it. As soon as one did so, water began to come up 
through the concrete block, and in order to prevent this continuing, the footings for 
these lift guides had to be very carefully asphalted. That was one of the reasons 
why the architects objected to his making any holes in the concrete block. In 
addition to the steel framework of the building standing on the waterlogged 
concrete block, he would point out that there were a number of water 
mains, gas-mains, and pipes bringing in electric mains, which were hung 
on to the steel joists of the building and went out to the streets beyond. These 
all helped to bring down the resistance of the steel joist connection to earth to such 
a low figure that he felt quite confident in using the anangement he had described. 
Apart from that, if any of the lightning conductors were operative they at once had 
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a very big network of distribution amongst the large mass of steel j oists. He thought 
that the building was quite safe from this point of view. 

In further reply to a member of the audience, who asked how the iron troughing 
was used for mal^g circuits, Mr. Baker said that the iron troughing consisted of 
tT*diaped sheet steel with a cover which sprang on to it. This was laid round under 
the skirting boards and joined up with the conduit system, so that it was possible 
to get wires easily arranged for lamp connections in.any part of a room, and a change 
in position of the furniture need not cause any great disturbance. One was enabled 
with this arrangement to go more or less all round the room, and, generally speaking, 
to get to any point in tlic room with additional flexible wires so as to meet individual 
requirements. 

Aske<^ whether he had considered the possibility of bare copper conductors, Mr. 
Baker said that this was scarcely possible in the comparatively small space allotted 
to him. If he had had plenty of room he would have been pleased to have used 
bare copper main cables, but in the necessarily restricted space one must have 
insulated cable. The advantages of bare copper would, of course, be numerous, but 
one would have to guard against interference : in picking out the different control 
rooms he thought at first that he was going to have more than sufficient space, 
but then other people came and took possession of this or that position for 
purpioses of a different character, such as sanitary or water pipes, &c. 

A Member of the Audience asked whether he understood, with regard to the 
general lighting, that the general illumination was about 5i-foot candles, or was 
this only in the Council Chamber ? 

Mr. Baker said that the illumination of 5}-foot candles mentioned in the paper 
referred specially to the Council Chamber. In the offices it was in the neigh¬ 
bourhood of 2 ^ to 3-foot candles. If any complaint were made about the lighting, 
and it was measured and found to exceed two-foot candles, he would be inclined to 
say that that was sufficient. In specially fine work a higher standard of illumination 
might be desirable, but anything about 3-foot candles was quite comfortable light 
for ordinary work. 

The Chairman (Sir George Hume) said that many interesting questions had been 
put in the course of the discussion, and he felt sure that all those present were ex¬ 
tremely grateful to the lecturer that evening for the pains he had taken to put on 
record the work done in the County Hall. The great novelty to most people was the 
installation of the automatic telephone. He would advise everyone to see, if they had 
the opportunity, an automatic telephone exchange at work. One thing wliich was 
driven home to his mind was the immense amount of foresight which was needed 
when a huge building of this sort was to be dealt with, and when all sorts of unex- 
expected requirements liad to be met. Mr. Baker had brought this out extremely 
well, and he was sure those present would desire to accord him a hearty vote of 
thanks. 

The vote of thanks was carried unanimously. 


DEVELOPMENT OF FRENCH WATER-POWER RESOURCES. 
France takes third place amongst the countries of the world as regards her water¬ 
power resources, which are exceeded only by those of the United States and Canada. 
The total power available is estimated at eight or nine million h.p., of which prior to 
the war only ^,000 h.p. had actually been utilised (almost entirely concentrated in 
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the Alps or Savoy district). With the ever-increajsing demand for electrical energy, 
both for industdal and agricultural uses, as well as for domestic requirements, 
the development of these natural rebornces has become of the greatest importance, 
and since 1916 considerable results have been achieved. According to the annual 
Report of the Commercial Counsellor to H.M. Embassy in Paris, the present power 
is stat^ to have reached 2.7 millions, and by 1926 it is expected that the total 
power in France will be further increased by 300,000 h.p. It is estimated that the 
saving of coal effected by the utilisation of one million h.p. may be reckoned as the 
equivalent of eight million tons of coal per annum. 

The schemes for the utilisation of the rivers of France are distributed over four 
principal areas—(i) the Alps, Rhdne and Jura ; (2) the Pyrenees ; (3) the Massif 
Central; (4) the Rhine, the Vosges and the Moselle. 

The Alps take an outstanding position in France as regards water-power develop¬ 
ment ; it has been said that every water-course in the South-East of France has been 
explored and a water-power valuation placed upon it. The Department of the’ 
Is^re takes first place as regards the turning to account of its rivers, and utilises 
two-fifths of the present total production of France, although the River Is^re and 
its tributary the Drac have only been partially developed. Savoy closely follows, and 
in its principal industrial centre, the district of the Arev, six stations are installed 
with a productive capacity of 60,000 h.p. In the valley of the Arc below Modane, 
twenty-three stations are in operation (or in course of being put into operation) 
capable of producing 160,000 h.p., which includes the stations at Avrieux (20,000 
h.p.), Pr6mont, Sainte-Marie-de-Cuines (12,000 h.p. each), Praz, Saussaz, Pontama- 
frey (from 15 to 20,000 h.p.). In the valley of the Romanche within a radius of 
12 J miles seventeen stations produce a force of 140,000 h.p., and include the large 
station at Rioup6roux (28,000 h.p.) the property of the Aciiries ei Forges de Firminy. 
On the upper reaches of the Is6re, in Tareutaise, close to Saint-Foy, is the powerful 
station of Viclaire (40,000 h.p.) and other stations producing a total of 60,000 h.p. 
are found within the region. At the junction of the Is6re and the Arly, stations' 
exist or are under construction which will eventually provide the works at Ugin6 
with a total power of 60,000 h.p. The Br6da, another tributary of the ls6re, is 
for its length the most utilised waterway of the French Alps; twenty-five stations 
are in operation within a distance of twenty miles. The Drac is as yet Only partially 
developed, but it possesses ten stations with a total of 60,000 h.p. On the lower 
reaches of the Is6re many schemes are in hand which include the construction of 
stations at Pont d’Albertine (60,000 h.p.) Sainte-H 616 ne (25,000 h.p.), Romans. 
(30,000 h.p.), Pizan^on (40,000 h.p.) and at Beaumont-Monteux of 120,000 h.p., 
which will provide energy for the great works at Saint-Chamond. In the Southern * 
Alps district, less developed than the northern area, the main schemes apply to* 
the River Durance. At Argenti^re a station producing 40,000 h.p. is under 
construction, another at Ventavon of 43,000 h.p., and three stations under the; 
control of the Sociiti d*Energie Electrique du Littoral Miiitenanien will produce^' 
together 80,000 h.p., of which 50,000 will be supplied by the station at Saiate 
Tulle. 

As regards the Rh6ne scheme, the threefold aim of which is to obtain electzic.^ 
power, to render the Rh6ne navigable up to the Swiss frontier, and to irrigate the 
land, the company has not yet been finally constituted. The increased cost of instal* 
lation (in 1913 the average price was 100 to 200 francs per kilowatt, to-day it is 
3,000 to 4,000 francs), as well as certain doubts as to whether power obtained there¬ 
from by Paris, one of its chief customers, would be cheaper than that obtained 
thermic-power stations near the capital, have contributed further complicatioihs; 
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in the realisation of the scheme, which with its eighteen works at a total cost of 
3.6 milliards, is to provide 800,000 h.p. In the Jura, the Valserine, the Ain and the 
Doubs have all been exploited, and the work now in hand includes the erection of 
a powerful station on the Ain at Cize-Bolozen (24,000 h.p.) by the Sociiti VEnergie 
Eiectrique Rhone et Jura, whilst the Sociili des Fcfces motrices de la Loue have almost 
completed a station at Mouthier (16,000 h.p.) on the Loue. 

In the Pyrenees, development is also being accelerated especially in the case of 
the stations required to feed the railway lines. On the Aude, schemes are in hand 
for the creation of two new stations at Carcanet and Belvianes, which together will 
produce some 10,000 h.p. In the Perpignan area the Midi railway company is to 
create a powerful reservoir on the River Tdt at Pla des Aveillands with a capacity 
of 12,000^000 cubic metres, which will regulate the supply of water to the three 
stations now existing at Pla des Aveillands, Fontp^ouse and Olette, whilst on 
the Ari6ge (a tributary of the Garonne) three stations capable of producing a total 
of 45,000 h.p. are to be erected at Saillens, M^ens and Aix-les-Thermes. On the 
River Neste d’Aure at Arreau, near Bagn^res de Bigorre, a station producing 15,000 
h.p. is in course of erection, and it is in this district (the district of the two rivers 
Neste de Louron and Neste d’Aure) that the most powerful stations of the Pyrenean 
district function. The River Garonne has also been exploited, but further develop¬ 
ment is under consideration, as meantime the power available has not been utilised 
to any appreciable extent. 

In the Massif Central is the important river the Dordogne, for which large schemes 
are now in hand. The upper reaches of the river are to be exploited by the Paris- 
Qrleans Railway Company from Haut-Chavanon to Vemdjoux, and the stretch 
from Vemdjoux to Brivezac has been conceded to the 17th Economic Region, 
which under a Government Bill of April, 1923, is to form a limited liability company 
of which the State and the municipalities are to be included in its shareholders. 
The Paris-Orlears scheme is well in hand ; three stations are in course of erection 
(at Coindre, Cellette and Vemdjoux) and when completed vdll furnish power to the 
company for its railway services. The second scheme is at present in its infancy, 
but provides for the cr^tion of four main stations (one at Chambon, two at Argentat, 
and one at Brivezac). The River Vienne, already utilised to the extent of 18,000 
h.p., is the object of further schemes, which include the creation of stations at 
Saintes, Chardes (under construction at the present time) and at Jousseau (to be 
commenced at a later date). It is also intended to construct a reservoir on the Vienne 
with a capacity of eighteen million cubic metres. Schemes are also in hand as 
regards the Loire, the Lot and the Truy^re; for the latter two stations capable 
of producing 10,000 h.p. are to be erected'. On the B6s, a tributary of the Lot, 
a reservoir of 200,000,000 cubic metres is to be constructed by the Sod Hi des Forces 
matrices de la Truyire at Pradel, and later a second reservoir at Sarrans will be 
put in hand. At the second reservoir a station capable of producing 105,000 
will be created at Brommat, and will be the most powerful within the region. 
In the southern district of the Massif central the Tam is to be further exploited by 
the Paris-Lyons-Mediterranean Railway Company, and three stations are to be 
crated at Pont-de-Montvert, Salles and Florae, with a total productive capacity 
exceediog 20,000 h.p. 

(To he concluded). 


GENERAL NOTES. 

Early Volumes of the Journal. —The Secretary of the Royal Society of Arts 
would be glad }mx from anyone who has for di^osal a short run of the earlier 
Volumes of the Journal ,; Volumes i, 2 and 3 are specially required. 
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Revival of Porcelain Manufacture in Vienna. — A new porcelain factory 
which was officially opened in Vienna recently is meant, says the United States 
Consul at Vienna, to revive the fame of the Imperial Royal Porcelain factory 
(K.K. Porzellanfabrik) which closed its doors in 1864 after 146 years of uninterrupted 
activities. The guiding idea of this undertaking is to maintain the high traditions 
of the former State porcelain factory and assure the public that its renown is to be 
resumed under a new aspect. This kind of production cannot turn out quantity 
goods, but aims at quality and artistic finish. The factory will produce cups, vases 
tea and dinner sets, and the old Viennese china mark, the beehive, will again be in 
evidence 


MEETINGS OP THE SOCIETY TO APRIL 16 , 1925 . 

Ordinary Matings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced:— 

March. II. (4.30 p.m.)—E mile Cammaerts. "The Restoration of Belgian 
Towns.” Viscount Burnham. C.H., LL.D.. will preside. 

March 18. —Claude N. Friese-Greene, “The Friese-Greene Process of Colour 
Cinematography.” (Films will be shown to illustrate the process.) 

March 25.— Henry G. Dowling, “ Wall-papers.” 

April i.—^William Nunn, "Siam: its Prospects and Possibilities.” 

Dominions and Colonies and Indian Sections. (Joint Meeting.) 
Thursday, April 16 (4.30 p.m.)— Lord Stevenson, G.C.M.G., "The British 
Empire Exhibition.” 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 

Momday, Makch 9..Swiiiey Lecture, Kiog'e College, 
Strand, W.C. 5.30 p.m. Dr. W. T. Gordon, ‘‘Tne 
Geological History of Plants.” (Lecture V.) 
Transport, Institute of, (Midland Section). Chamber of 
Commerce, Birmingham. 6 D.m. Mr. F. Rayner, 
” Developmeat of the Trent Navigation.” 

Brewing, Institute of, (London Section), at the Engineers' 
Club, Coventry Street, W. 7.30 p,m. (i) Messrs. 
A. C. Chapman and C. W. McHugo, ” The Reaction 
of the Mashing Liquor in relation to Extract Yield 
and Soluble Non-ooagulable Nitrogen.” (3) Messrs. 
H. F, E. Hulton and I. L. Bakw, ” Note on the 
Residual * Assimilable * Nitrogen in Beer in relation 
to Stability.” 

Surveyors* Institution, 12, Great George Street, S.W. 

8 pjo. 

Metals, Institute of, (Scottish Section), 39, Elmbank 
Crescent, Glasgow. 7.30 p.m. Mr. A. G. Lobley, 
*' Elects Furnaces.** 

Geographical Society, 133, New Bond Street, W. 8.30 

pjn. Mr. A. F. R. Wollaston, ” The Sierra Nevada 
of Santa Marta, Columbia.'* 

Electrical BngineerB, Institution of, (N. Eastern Centre), 
at the Armstrong College, Newcastle-on-Tyne. 7.15 

pjo. Major E. 1 . David, ** Electricity in Mines.'* 
Embroiderers* Guild, Lecture Theatre, Victoria and 

Albert Museum, South Kensington, S.W. 3 p.m. 
Mrs. Rolleston, *' Character in Embroidery.' 

City of London College, White Street, Momelds, E.C. 

5.30 pjn. Signor G. Boggi, ** Commercial Develop¬ 
ment in Italy.” 

Univeraity of London, University College, W.C. 3.30 
pjn. Miss B. J. Davis, ** Some Famous London 


3.30 pjn. Prof. H. Westergaard, ” Vital Statistics.** 
iLwture I.) 

At Xing's College, Strand, W.C. 5.30 pjn. Dr. 
R. wT^ton-Watson, *'The Oris^s of the War in 
its Balkan Aspect.*' (Lecture iV) 

3.30 pjn. iUv. C. F. Rogers, " Bocksisstical 
Mnslc.*' (Le^re VII.) 

At Bedford College. Regent's Park, N.W. 5.15 pjo. 
Prof. L. Lovy-Br^ *'Ttois PhikaoplNi Franceit 


Contemporains: Ribot, Espinas, Durkheim.** 

(In French.) (Lectnre I.) Lecture II and III on 
the loth and xsth March. 

Automobile Engineers, Institution of, at the Chamber 
of Commerce^ Birmingham. 7 p.m. Mr. D. Finlayson, 
** Carburation.** 

Victoria Institute, Central Bufldings, Westminster. 
S.W. 4.30 p.m. Rev. C. Gardner, ” Nature ana 
Supemature.^* 


Tuesday, March 10.. Petroleum Technologist^ Institutkn 
of, at the Royal Society or Arts, John Street, 
Adelphi, W.C. 3.30 p.m. Annual GraosJ Meeting. 
Address by Mr. H. Barringer. 

Autmnobile Engineers, Institution of, at the Royal 
Society of Arts, John Street, Adelphi, W.C. 7 P<m* 
Mr. D. Finlayscm, '* Carburation.” 

CivU Engineers, Institution of. Great George Street, 
S.W. 6 pjn. ProL S. M. DUon and Mr. F. W. 
Macaulay, ** Measurements of Dircbarge over a 
Rock-faced Dam.” 


Electrical Engineers, Institution of. (N. Midland Centre), 
at the Technical College, Bradford, ypjnu Mr.H.w. 
Taylor, '* Tbree-Wiie Direct-Current Distributioii 
Networks. Some Comparisons in Cost and Opera¬ 
tion.” 

(^ttish Centre), at the North British Sution Hotd, 
Edinburgh. 7 p.m. Mr. B. Hugto, " Iron Losses 
in Direct Current Machines.** 

Anthropological Institute^ 30, Great Rutsell Street, 
W.C. 8.15 pjn. _ , ^ 

Colonial Institute, Hotd Victoria, Northumberiand 
Avenue, W.C 8.30 pjn. Hon. Sir Arthur Mye^ 
“New Zealand; its Development and Position in 
the Empire.'* 

Treiuport, Idstitute of, (Graduates' Section), at the 
Inatitutkm of Electricd Engineeri, Savoy Pln^ 
^tocia BmbankmenL W.C. 3.30 pjn. (i) Mr. 
C. F. King, ** Industrial Tzuffic Management’* (s) 
Mr. H.Gr^t,“ Some Notea on the Canton Act.** 
Adatio Society, 74, Groevenor Stied, W. 4.30 pa. 
Dr. A. M. BtooScburn. “The Ttlasnxe Tombe of 
IjUBor*** 

Royal Institution, Albemarle 5*15 

Aot B. N. da C. Andrade, ** The Bvointkm of the 
Stetiflo Inatnnnent.*' 
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Pbotognphic Society, Ruiaell Square, W.C. 7 p.m. 
Annual General Meeti^. 

Univenlty of London, University Cdlege, Gower Street, 
W.C. 5.30 p.m. Mr. R. A. Smith, *' The Old Stone 


At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Sir Bernard Pares, ** GmtempCKrary 
Russia from x86x.'* (Lecture VIII.) 

At the Imperial College of Science, South Kensington, 
S.W. 5.30 p.m. Prof. C. A. Edwards, '* Chemical 
Combination in Metallic Alloys and its Nature.” 
(Lecture 111 .) LMtuxe IV. on ixth March. 

Wbonesday, March xx. .Geological Society, Burlington 
House, Piccadilly, W. 5.30 p.m. 

Swiney Lecture, King’s Collet, Strand, W.C. 5.30 
p.m. Dr. W. T. Gordon, “The Geological History 
of Plants.” (Lecture VI.) 

United duvice Institution, Whitehall, S.W. 3.p.m. 
Mr. W. £. Arnold-Forster, “ Maritime Law and 
Economic Pressure." 

Oriental Studies, School of, London Institution, Finsbury 
Circus, £.C. 3.15 p.m. Mr. E. Richmond, “ Early 
Moslem Architecture ” (Lecture V.) 

Electrical En^eers, Institution of, (S. Midland Section), 
at the University, Birmingham. 7 p.m. Major 
E. 1 . David, “ Electricity in Mines.” 

Civil Engineers, Institution of. Great George Street, 
S.W. 7 p.m. (Informal Meeting). Mr. J. S. Wilson, 

“ The KMtive Importance and Nature of Secon d ary 
Stresses in Steel Structures.” 

Metals. Institute of, at the Institution of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W. 10 
a.m. Annual GKmeral Meeting, (i) Messrs. H. T. 
Angus and P. F. Summers, “ The Efiect of Grain- 
Sise apon Hardness and Annealing Temperature.” 

Mr. S. L. Archbutt, ” A Method of Improving the 
Pronerties of Aluminium Alloy Castings. (3) Mr. 
U. R. Evans, “ Surface Abrasion as a Potential Cause 
of Localised Corrosion.” (4) Dr. F. J. Newton, and 
Mr. I. S. Tidmus, “ The Iiifluence of Emulsoids upon 
the Rate of Dissolution of Zinc in Solutions of Lrad, 
Nickel and Coppw Salts.” 

2 p.m. (5) Mr. T. G. Bamford, ” Comparative Tests 
on Some Varieties of Commercial Copper Rod.” 
(^ Messrs. R. Genders and G. L. Bailey, “ The Alpha 
Phase Boundary in the Copper-Zinc System.” (7) 
Dr. D. Bunting, “ The Influence of Lead and Tin on 
the Brittle Ranges of Brass.” (8) Mr. E. A. Bolton, 

“ The Removal of Red Stains from Brass.’” 

University of London, University College, Gower Street, 
W.C. 5.30 p.m. Miss E. S. Fegan, “ Library 
Resources Outside London.” 

5.30 p.m. Mr. I. Bjdrkhagen, '* The Swedish Novel 
bom Ahnquist to Strindberg.” (Lecture II.) 

3.30 p.m. Prof. H. Westergaard, “ Vital Statistics.” 
(Lecture 11 .) 

At King’s Colto, Strand, W.C. 3.30 p.m. Prof. 
B. Prestage, “Tihe Opening of the Ocean Routes, 
A.D. X413-60.” 

At the Institute of Historical Research, Malet Street, 
W.C, 3.30 p.m. Prof. P. Lehman, ” Anglo-German 
Script in the Germany of the Middle Ages.” (Lecture 1 .) ' 
Chemical Engineers, Institution of, at the Institution 
of Mechanm Engineers, Storey’s Gate, Westminster. 
'S.W. S pjn. Prof. A. L. Mellanby, “Expansion 
and Campresslon Phenomena in Steam Jets.” 

IMuRaDAY, March 13. .Royal Society, Burlington House. 
Pioca^y, W. 4.30 p.m. 

Antiquaries, Society of, Burlington House, Piccadilly, 
W. 8.30 pjn. 

Royal Institution, Albemarle Street, W. 3.13 p.m. 
Dr. Leonard HUf, “ The Biological Action of Light.” 
(Lecture I.) 

Historical Society, sa, Russell Square, W.C. 3 pjn. 
Mbs A. MoUer, “Coal Mining in the ^venteenth 
Centu^.” 

Metals, Institute of, at the Institutkm of Mechanical 
Engineers, Storey’s Gate, Westminster, S.W. xo a.m. 
Armual M^ing continued, (x) Messrs. G. L. Bailey 
and K. (jeodecs, “ The Daottty and Constitution of 
, the Industrial Brasses.” (a) Mr. A. L. Norbury, 
“ Note on the Bfbcts of Certain Elements on the 
Blsetrical ResiatMty of Coppec.” (3) Sir T. K. 
"— “ On the Density ol Rhodium.” (4) Prole 
Honda and Ryonosuke Yamada, “ 


Experiments on the Abrasion of Meto. ( 3 ) 
Prof. Tomimatu Isihara, “On the Equilibrium' 
Diagram of the Aluminium-Zinc System.” 

Textile Institute. 38, Bloomsbury Square W.C. 3.4s 
pjn. Mr. T. Knby, “ Shrinkage, atretch, and 
Elasticity of Knitted (kx>ds.” 

Electrical Engineers, Institution of, (Irish Centr^. 
Trinity Cofiegc, Dublin. 7-45 P“- 
Crowley, “ The Use of Electncity in the Chemical 
Industries, with particular reference to the Irish 
Free State.” _ . 

(Local Sub-Centre), at the University College, Dundee. 

7.30 p.m. Mr. J. S. Thomson, “ Some Problems of 
County Distribution.” 

Victoria and Albert Museum, South Kensington, S.W. 

6 p.m. Mr. O. Brackett, “Chmpendale Furniture.” 
Lon^n County Council, at the Gefirye Museum, Kings- 

Jand Road, E. 7.30 p.m. Mr. S. B. Wainwiig^t, 
“ The Use of Plywood In Furniture and Decoration.” 
Mechanical Engineers, Institution of, (Western Section), 
at the Merchant Venturers’ Technical College, Bristol. 

7 p.m. Mr. J. B. Dahlems, “Anti-Friction Bearing 
^plications for Heavy Duty.” 

(Gi^uates’ Section, N. Western Branch), at the 
Engineers’ Club, Albert Square. Manchester. 7.13 
p.m. Mr. G. Lyon, “ High-Speed Petrol Engines.” 
Electrical Power Engineers’ Association, at the 
Geographical Hall, Deansgate, Manchrater. 7.x 3 
p.m. Mr. 1 . N. Waite, “Combustion and Boiler 
House Eihcien^y.” 

University of London, University College, Gower Street, 
W.C. 3 o.m. Mr. G. A. Sutherland, “Auditorium 
Acrmstics.” (Lecture 111 .) 

At King’s College, Strand W.C. 3.30 p.m. Dr. 
A. R. Pastor, “ Spanish Saints and Heretics.” 
(Lecture III.) 

6.30 p.m. Dr. O. Vocadlo, “ Czech Civilisation.” 
(Lecture IX.) 

At the Institute of Historical Research, Malet Street, 
W.C. 3.30 p.m. Prince D. S. Mirsky, “ Russian 
Literature in the Second Half of the Nineteenth 
Century.” (Lecture VIII.) 

Friday, March 13..London Society, at the Royal 
Society op Arts, John Street, Adelphi, W.C. 3 p.m. 

• Mr. R. Blunt, “ A Chelsea Pilgrimage.” 

Rml Institution, Albemarle Street, W. 9 p.m. Prof. 
G. Murray, “ The Beginnings of the Science of 
Language.” 

Astronomical Society, Burlington House, Piccadilly, 
W. 3 p.m. 

En^eers, Junior Institution of, 39, Victoria Street, 
S.W. 7.30 p.m. 

Mechanical Engineers, Institution of. Storey’s Gate, 
Westminster, S.W. 6 p.m. (x) Prof. £. G. Coker, 
“ The Action of Cutting Tools.” (2) Messrs. D. 
Smith and A. Leigh, *’ Experiments with Lathe 
Tools on Fine Cuts, and some Physical Properties 
of the Tool Steels and Metal opera’ed on.” 

(Graduates’ Section, Midland Branch), at the Chamber 
of Commerce, Birmingham. 7.30 p.m. Joint 
Discussion with Local Students of Inst.C.E. and I.E.B. 
on “ Modern Transport Problems.” 

Rfolacological Society, at the Unnean Society, Buriington 
House, Piccadilly, W. 6 p.m. 

University of London, King’s College, Strand, W.C. 

5.30 p.m. Baron A. F. Meyendom, “ The Russian 
Church, Past and Present.” (Lecture II.) 

Shakespeare Association, King's College, Strand, W.C. 

3.30 p.m. Prof. H. B. Charlton, “The Idea of 
Romantic Comedy in Shakespeare.” 


Pboto^phic Society, 33, Russell Square, W.C. 7 p.m. 
Mr. F. Judn, “ Many Slides and a few Remarks.” 

Physical Society, Imp^al College of Science, South 
Kenaington, S.W. 3 p.m. (i) Mr. J. P. Andrews, 
'“ The Variation of Young’s Modulus at High Tem¬ 
peratures.” (2) Mr. E. G. Richardson, “ The Critical 
Velodty of Flow Past Greets of Aerofoil Section.” 
(3) Mr. J. Brebtano, “ A Focussing Method of Crystal 
Powder Analysis by X-rays.” 

Saturday, March <4..Royal Institution, Albemarle 
Street, W. 3 p.m. Sir Ernest Rutherford, “The 
Counting of the Atoms.” (Lecture IV.) 

London County Council, at the Hotniman Museum, 
Forest Hill, S.E. 3.30 p.m. Dr. R. L. Sherlock, 
“ li^n as a Geological Agrat.” 
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NOTICES. 

NEXT WEEK. 

Wednesday, March i8th, at 8 p.m. (Ordinary Meeting.) Claude H. 
Friese-Greene, '‘The Friese-Greene Process of Colour Cinematography." 
J. Dudley Johnstone, President, Royal Photographic Society, will preside. 
(The paper will be illustrated by films in natural colours.) 


THIRTEENTH ORDINARY MEETING. 

Wednesday, 4th March, 1925. Sir Herbert Jackson, K.B.E., F.R.S.. in 
the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Crerar, Lieut.-Colonel Robert, O.B.E., Kafield, Middlesex. 

Crossland, Ernest Milling, Manchester. 

Deanesly, Henry, Terenure, Co. Dublin. 

Harding, A. Leigh, Wallington, Surrey. 

Landrum, W. W., D.D., Russellville, Kentucky, U.S.A. 

Mew, Henry Bertram, Huntingdon. 

Nielson, Harald, London. 

Rogers, Robert, Southampton. 

Whitaker, Major George Cecil, Loudon. 

Whitaker, Mrs. Margaret, London. 

Woodbury, Edward l^rkeley Carlton, London. 

The following candidates were duly elected as Fellows of the Society:— 

Bums, Alan Chamley, M.Sc., F.I.C., Whitehaven, Cumberland 
Cohen, George, London. 

Cooksley, Allan, Birmingham. 

Dow, Alexander, London. 

Dunhill, Alfred, Harrow Weald, Middlesex. 

Henr^, William Ethelbert, Maidenhead, Berks. 
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Hirniak, Dr. Julian, Lwow, Poland. 

Howatson, Lieut. G. A. S., I.M.D., Almora, India* 

Jessop, Arthur, Rawdon, Leeds. 

Marsden, Andrew, M.I.Mar.E.. Gravesend, Kent. 

Rowe, Harold Charles, J.P., Exeter. 

Sadliu, Pandit Tara Chand, Srinagar, Kashmir, India. 

Simmonds, Ernest John, Gerrard’s Cross, Bucks. 

Yates, Charles, Hailey Hall, near Hertford. 

A paper on The Modem Production of Sheet-glass,” was read by Professor 
W. E. S. Turner, O.B.E., D.Sc., F.Inst.P., Department of Glass Technology, 
UniTjersity of Sheffield. 

The paper and discussion will be published in a subsequent number of the 
Journal. 


INDIAN SECTION. 

Friday, 6th March, 1925. The Rt. Hon. Viscount Chelmsford, G.C.S.I., 
G.C.M.G., G.C.I.E., G.B.E., in the Chair* 

A paper on ** The Development of Indian Universities ” was read by Sir 
Henry Sharp, C.S.I., C.I.E., M.A. 

The following took part in the discussion :—Sir Claude F. de la Fosse, C.I.E., 
M.A., late Director of Public instmetion, United Provinces ; Principal Mohan 
Lai Tannan, Sydenham College, Bombay; Dr. F. W. Thomas, M.A., Ph.D., 
Librarian, India Office; Mr. Thomas W. Hodgkinson; Colonel Sir Charles 
E. Yate, Bt., C.S.I., C.M.G., and Sir Robert W. Carlyle, K.C.S.L, C.I.E. 

The paper and discussion will be published in a' subsequent number of the 
Journal. 


THE ALBERT MEDAL. 

The Council will proceed to consider the award of the Albert Medal of the 
Royal Society of Arts for 1925 early in May next, and they therefore invite 
Fellows of the Society to forward to the Secretary on or before Saturday, 
March 21st, the names of such men of high distinction as they may think 
worthy of this honour. The medal was struck to reward ” distinguished 
merit in promoting Arts, Manufactures, and Commerce.” 

The list of those who have received the medal since its institution in 1864 
was printed in the last number of the Journal. 


TEN-VOLUME INDEX TO “JOURNAL.” 

The amalgamated Index to the Journal of the Royal Society of Arts for Vols. 
LXI.-LXX. (1912-1922) is now ready, and can be obtained free by Fellows of 
the Society on application to the Secretary, Royal Society of Arts, John 
Street, Adelphi, London, W.C. The price to non-Fellows is 2s. 6i. 
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PROCEEDINGS OF THE SOCIETY. 


NINTH ORDINARY MEETING. 

EIGHTH TRUEMAN WOOD LECTURE. 

Wednesday, February 4 TH, 1925 . 

Mr. Alan A. Campbell Svvinton, F.R.S. (Late Chairman ol the Council), 

in the Chair. 

The Chairman expressed regret that Senatore Marconi was unable to take the 
Chair that evening owing to illness. He had sent his expressions of regret that 
he was not able to be present upon such an important occasion as the deliver^' 
of the Trueman Wood Lecture, These lectures had been instituted seven years 
ago to commemorate the services of Sir Henry Trueman W'ood, who had been 
connected with the Royal Society of Arts for some 41 years, first of«all for 3 years 
as Assistant Secretary, and then for no less than 38 years as Secretary. Unfor¬ 
tunately Sir Henry was not able to be present that evening, but he thought Sir 
Henry would appreciate it if, on behalf of the meeting, he asked the Secretary to 
send to Jiim a message of goodwill. 

The first Trueman Wood Lecture was given in 1917, when the lecturer had 
been Sir Dugald Clerk and the subject “ Discovery and Invention." Next in 
1919 the Lecture had been given by Sir Herbert Jackson on " (ilass, and Some of 
its Problems." In 1920 the Lecture had been " Sources of Power, Known and 
Unknown," by Sir Oliver Lodge. In 1921 it had been on " The Present Position 
of Research in Agriculture," by Sir Daniel Hall, and in 1921, again, on "Long 
Distance Radio-Telegraphy," by Professor J. A. Fleming. In 1923 the Lecture had 
been on " New Methods of Crystal Analysis," by Sir William Bragg, and in 1924 on 
" The Outlook in Chemistry," by Sir William Pope. As would be .seen, there 
had been lectures on a variety of subjects, all by masters in their particular spheres. 
He thought that in the future there might be difficulty in keeping up to such a 
very high standard, but at all events there was no difficulty of that sort on the 
present occasion, for in the Cavendish Professor of Physics of Cambridge University 
they had a past master of his subject. 

Before he sat dowm he would like to remind the audience that Sir Ernest 
Rutherford had recently received from His Majesty the very high honour of the 
Order of Merit. He was sure they all wished to congratulate Sir Ernest very warmly 
on that distinction. 

The lecture delivered was :— 

THE STABILITY OF ATOMS. 

By Professor Sir E. Rutherford, O.M., F.R.S. 

The trend of Physics during the past twenty-five years has been largely in¬ 
fluenced by three fundamental discoveries that were made in the closing year.s. 
of the nineteenth century. I refer to the discovery of the X-rays in 1^5, of 
radioactivity in 1896 and the proof of the independent existence of the negative 
electron of small mass in 1897. The development of each of these discoveries 
in its own particular field has proceeded rapidly and given us a wealth of new 
and valuable information which has proved in many cases to be of technical 
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as well as of philosophical importance. While each of these lines of enquiry 
has in a sense developed independently and provided its own technical methods, 
a closer examination shows that these three lines of progress are all closely 
related and have mutually interacted at all stages of the advance. This is most 
clearly shown by the influence each of these discoveries has exerted on the 
fundamental problem of the constitution ^nd relation of the atoms of the 
elements. Without the information derived from any one of these new lines 
of study, the development of our ideas of atomic structure would have been 
much more slow and hesitating, and it is doubtful whether we could have hoped 
to of)tain any clear idea of the essential features of the structure of the atom. 

The discovery of the electron and the proof that it is a constituent of the 
structure of all the atoms, gave us the first definite line of attack on the con¬ 
stitution of the atom, while the interpretation of the Zeeman effect showed that 
the optical spectra of the dements were due in some way to the vibration of 
these mobile electrons. 

The development of methods for obtaining intense sources of electrons at 
controllable speeds opened up a new and powerful method of attack on the 
structure of the atom and the origin of the light and X-ray spectra. 

The study of the X-rays and particularly the proof of the wave nature of 
X-rays and their diffraction by crystals gave us for the first time a method for 
stud5dng quantitatively the modes of vibration of the electrons situated deep 
within the structure of the atom, while the presence of absorption bands in the 
X-ray spectra gives us information of the greatest value on the arrangement of 
the electrons in definite groups or levels. 

It is to the study of radioactivity, however, that we owe our most definite 
information on the main structure of the atoms. It gave us for the first time 
a definite proof that the atoms of the heavier elements like uranium and 
thorium were not permanently stable but broke up occasionally with explosive 
violence with the emission of characteristic radiations of new and powerful 
types. It brought to light that wonderful series of successive transforma¬ 
tions with the appearance of more than thirty new elements which are dif¬ 
ferentiated not only by their chemical properties but by the character of their 
transformations. The study of the radiations gave us the first clear idea of 
the enormous intensity of the forces that must reside within the disintegrating 
atoms and of the magnitude of the energy liberated in these atomic explosions. 

The examination of the chemical properties of these radioactive elements, 
often existing in minute amounts, first disclosed the existence of isotopes of 
elements of almost identical physical and chemical properties but differing in 
mass and in radioactive qualities. This has been foUowed by the development 
of methods to show that many of the common radioactive elements also consist 
of a mixture of two or more isotopes. 

The radioactive processes brought to our attention a new type of chemical 
change, which was spontaneous and uncontrollable by any known physical or 
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chemical agency and accompanied by an emission of energy per atom in the 
form of characteristic radiations enormous compared with that involved in 
ordinary chemical reactions. The emission of the energetic a particle, the 
swift 0 ray and the penetrating r ray provided us with new types of radiation 
for study, of an individual intensity that has so far not been equalled by 
laboratory methods. The a particle has so much energy that it is able to pass 
freely through the structure of the atom in its path. By studying the large 
dedection often suffered by an individual a particle in its passage through an 
atom, definite evidence was obtained of the nuclear structure of the atom and 
of the magnitude of the nuclear charge and thus of the number of the electrons 
in the outer atom. 

For the purposes of discussion, it is convenient to consider that the structure 
of the atom consists of two parts, one the minute charged nucleus which con¬ 
tains most of the mass of the atom, and whose charge controls the number and 
arrangement of the outer electrons, and the other the outer or planetary elec¬ 
trons which extend far from the nucleus and give the atom the dimensions 
usually attributed to it. The motion of these electrons is responsible not only 
for the characteristic light spectra of the atom but also for its high frequency 
X-ray spectra, while the position and motion of the more outlying electrons 
govern the ordinary physical and chemical properties attributed to the atom. 

On the classical theory, it was impossible to devise a stable system of electrons 
in motion round a nucleus, since a moving electron radiated energy and 
would ultimately fall into the nucleus. In order to overcome this fundamental 
difficulty it was necessary to invoke the aid of the quantum theory of radiation, 
first put forward by Planck in 1900, although its full significance and impor¬ 
tance was not recognised until a decade later. This remarkable theory, 
initially developed to explain the distribution of energy in the spectrum of a 
hot body, supposes that radiation is emitted in definite quanta depending in 
magnitude on the frequency of the radiation. The energy E in a light quantum 
is given by E=hv where v is the frequency of vibration of the radiation and 
h a universal constant known as " Planck's constant." It is not my intention 
here to discuss the underlying difficulties involved in this view of radiation, but 
it suffices to say that its essential correctness has been shown by experiments 
in widely different fields. Bohr applied the ideas of the quantum theory not 
only to fix the distribution of the outer electrons round a nucleus, but also to 
account for both the light and X-ray spectra of the atom. 

The further development of these ideas has not only given us a clear picture 
of the arrangement and motions of the electrons round the nucleus but also a 
definite idea of the interchanges of energy involved in the emission and absorp¬ 
tion of radiation in the atom. In the course of this work, the ideas of the 
quantum theory have received a wide extension largely due to the work of Bohr 
Sotnmerfeld and others. 

It is not my object in this lecture to enter into the difficult questions of the 
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actual arrangement and motions of the outer electrons in different atoms, but 
rather to give a brief account of the changes that are believed to occur in the 
outer atom during the absorption or emission of energy, and thus to illustrate 
the stability of the outer atom under different forms of excitation. At a later 
stage of the lecture, we shall consider how far these ideas, derived from a study 
of the outer atom, can be applied to explain the structure and modes of vibra¬ 
tion of the atomic nucleus. 

To illustrate the processes involved in the excitation of the atom and the 
emission of radiation, let us first consider the simplest possible case, viz., the 
origin of the line spectra emitted by hydrogen due to an electric discharge in 
that Igas at low pressure. We know that the hydrogen atom in its ordinary 
or normal state consists of a nucleus of one positive charge with one attendant 
electron, which is believed to describe a circular Orbit round the nucleus. Not¬ 
withstanding the extreme simplicity of this structure ascribed to the hydrogen 
atom, we know that the hydrogen atoms under excitation give a complicated 
bright line spectrum. It is well known that this spectrum, extending from the 
extreme ultra-violet to the infra-red, can be analysed into three simple series 
known by the names of Lyman, Balmer and Paschen. We omit here altogether 
the complicated secondary spectrum emitted by hydrogen under some condi¬ 
tions of excitation, which is ascribed to the vibrations of the hydrogen mole¬ 
cules and not to the vibrations of the individual free atoms. 

In order to explain the complex modes of vibration of the single electron 
attached to the hydrogen nucleus, Bohr supposed that under appropriate 
conditions of excitation, the electron could be displaced from its normal orbit 
and occupy one of a series of stationary states, or levels of higher energy rela¬ 
tive to the nucleus, which are defined by simple quantum conditions. The 
energy of the level relative to the nucleus is most conveniently expressed in 
terms of volts. For example, the energy required to move the electron from 
the normal state or first level to a great distance is equal to the energy acquired 
by an electron in falling freely between two points differing in potential by 
13-54 volts. The corresponding energies in the following levels are connected 
by simple numerical relations viz., 1/4, 1/9, 1/16, etc., of the energy of the first 
normal level, i.e., 3.38, 1.50, .84 volts-respectively. The scries of levels for the 
hydrogen atom is shown diagrammatically in Fig. i where the logarithms of 
the energy in volts is taken as ordinate. It is seen that the difference of energy 
between levels defined by the quantum numbers i and 2 is 13.4-3.38 or 10.16 
volts. 

Now it is supposed that the electron can only remain a short time in one of 
these stationary levels, but falls from a higher to a lower level, emitting during 
the process radiation of definite frequency v defined by E~hv where E is the 
difference of potential energy of the electron in the two levels. No definite 
physical explanation can be given why an electron emits homogeneous radia- 
ti<Mi during such a jump from one level to another. The origin of the lines in 



Mar. I A. ms. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


393 



the different series is clearly shown in the diagram. The ordinary simple 
spectrum of hydrogen comprising the well known a, y and 8 lines arises from 
the jump of the electron from higher levels 3, 4, 5, 6 to the level 2, the Lyman 
series in the ultra-violet aiises from jumps of the electrons from the successive 
higher levels to the level i. The frequency of each of the spectral lines in the 
different series can be deduced at once from the energy of the different levels 
using the quantum relation. By adopting such a series of levels, the whole line 
sf)ectrum of hydrogen can be simply accounted for. We should expect another 
series in the ultra-red due to the fall of an electron from higher levels to the 
level 4 and some of the lines of the new series have recently been found by 
Brackett. 

We are now in a position to form a mental picture of some of the processes at 
work in the excitation of the hydrogen spectra by the electric discharge. Under 
the influence of bombardment of the electrons in the discharge, some of the 
molecules are dissociated into free neutral atoms and occasionally by collision 
or other agencies the atom is “ excited" i.e., an electron is moved from its 
normal level in the atom into a level of higher energy. After a short interval 
this electron falls back again into a level of lower energy emitting radiation of 
characteristic frequency in the process. In the discharge at any moment when 
a large number of atoms are involved, hydrogen atoms will exist in all possible 
states of excitation and radiation of corresponding frequencies will be emitted. 
When a steady state is reached, obviously on the average the number of elec¬ 
trons that are lifted by the agency of the discharge from one definite level to 
another per second, will be equal to the niunber which fall between these levels, 
although different atoms may be involved in the two cases. 
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We have not so far referred to another process which must be going on in the 
electric discharge. Some of the hydrogen atoms will be given by electronic 
impact sufficient energy to remove entirely the electrons from the atoms, i.e., to 
ionize them, leaving the resultant nucleus with one positive charge. Electrons 
of all speeds are present in the discharge, and under appropriate conditions in 
the course of time one of them may fall towards the nucleus and occupy momen¬ 
tarily one of the possible energy levels. This will then fall by one or more stages 
into the normal orbit of the hydrogen atom, emitting the corresponding radia¬ 
tions in the process. 

So far we have been dealing only with the process of emission of radiation 
from all atom, but the same general ideas can be applied to explain the absorp¬ 
tion of radiation and the appearance of absorption lines in spectra under special 
conditions. Suppose for example, radiation of a frequency exactly corres¬ 
ponding to the difference of levels i and 2, i.e., of 10.16 volts, falls on hydrogen 
atoms. It will be absorbed by the atom and will lift the electron from the 
level I to the level 2 and the electron in falling back will emit excited radiation 
in all directions of frequency equal to the incident radiation. Absorption of 
radiation will not be produced by a radiation of frequency Ha corresponding to 
a transition from level 3 to 2, as no levels of this kind exist in hydrogen in the 
normal state. If, however, light of frequency Hot is passed through hydrogen 
in which the atoms are in all possible excited states due to the passage of an 
electric discharge, an absorption, i.e., a reversal of the line has been observed. 

On these views, we see that an atom may be excited to emit radiation either 
by impact or by the action of radiation of appropriate frequency. The energy 
required for this purpose may not only be given by collisions with electrons 
but also by collisions with positively or negatively electrified atoms of sufficient 
energy. 

The changes which occur in the hydrogen atom whether by radiation or 
electronic impact have so far been expressed in terms of the characteristic energy 
levels of the electron relative to the nucleus. As the excitation and absorption 
of radiation is always accompanied by definite changes of energy of the atomic 
S5^tem, corresponding to the transitions of the electron between the energy 
levels involved, this mode of view suffices to give a clear if elementary picture 
of the processes involved. If, however, we look deeper into the question, these 
levels are interpreted on the quantum theory in terms of the motions of the 
electron. The latter is supposed to describe an orbit round the nucleus without 
radiation of energy. The character of the orbit is defined by certain quantum 
numbers. When the change of mass of the electron with speed, i.e., the rela¬ 
tivity correction, is taken into account, some of these nearly orbits are not 
closed but rotate round the nucleus. Sommerfeld has shown that this pre¬ 
cession of the orbit accounts quantitatively for the fine structure shown by 
many of the hydrogen lines. Tn the present lecture, when the discussion is 
mainly confined to energy changes possible in an atomic system, we shall in 
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general use the conception of levels although it is often convenient to speak 
of the transfer of an electron from one orbit to another. It is of interest to note 
that the interpretation of spectra, which has seen so rapid an advance in the 
last few years under the impulse of these new ideas, can be based entirely on 
energy Ji^els without necessarily any assumption as to the character of the 
orbit described by the electron. In the short time at our disposal, we cannot 
enter into the question of the complicated changes produced in the emission 
spectra when the atoms are exposed to strong magnetic or electric fields. These 
phenomena, known respectively as the Zeeman and Stark effects, are capable of 
complete explanation by the quantum theory and indeed this theory predicted 
a number of new phenomena which have been verified subsequently by experi¬ 
ment. 

We have so far confined our attention to the processes involved in the pro¬ 
duction of the spectra due to hydrogen atoms, for it has been found that the 
same general ideas may be applied to explain the often very complicated spectra 
given by elements which contain a number of electrons. Such a result is to be 
expected from Bohr’s theory of spectra and has been confirmed experimentally 
in a variety of ways. 

Suppose, for example, we consider the ty^>es of spectra which can be emitted 
by an element like aluminium or silicon which has a number of planetary 
electrons. Suppose that the vapour of these elements is exposed to bombard¬ 
ment by an intense stream of electrons of known energy. When the energy of 
the bombarding electrons is raised to a.certain value, one of the outermost or 
valence” electrons of the atom may be excited, i.e., lifted to the next higher 
energy level, and describe a new orbit. This in falling back to its original 
orbit emits radiation of definite frequency thus giving rise in some cases to a 
” single line ” spectrum. If the speed of the bombarding electrons is increased, 
the electron may be lifted to all possible levels, and the resulting radiation due 
to the various possible transitions gives rise to the full spectrum. This spectrum 
may be analysed into series very similar in general form to those observed for 
the hydrogen atom. This spectrum, due to the neutral atom, is generally 
known as the first or arc spectrum. If, however, the vapour or gas is exposed 
to a very intense bombardment by high speed electrons, some of the atoms may 
lose one or more of their outer electrons. When the singly ionized atoms are 
bombarded, another of the electrons may be displaced to occupy one of the 
possible higher levels and a new spectrum will result of the same general scries 
type, generally known as the second or spark spectrum. Similarly third and 
fourth spectra may arise from doubly and trebly ionized atoms. During the 
last few years, these higher spectra have been obtained and analysed for a few 
elements. For example, Fowler has observed the spectrum due to neutral, 
singly doubly and trebly ionized silicon, Paschen for singly and doubly ionized 
aluminium, while Millikan has found some lines which must be ascribed to the 
sixth spectrum of oxygen and sulphur, i.e., to quintuply ionized atoms of these 
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elements. Since oxygen has 8 outer electrons, the removal of 5 leaves art 
electron arrangement round the oxygen nucleus similar to that of the lithium 
atom which contains 3 outer electrons, and should give a similar typ of spec¬ 
trum. By using very intense electronic bombardment, it may uPh.".ately be 
possible to analyse in detail the successive spectra observed for many-tiements 
corresponding to successive stages of its ionization. Since in a strongly ionized 
gas, all these types of spectra may appear together, we can understand the 
great apparent complexity of some of these spectra. 

Not only are these various types of spectra analogous in type and expressed 
by series relations like the spectra of hydrogen but a simple numerical relation 
exists between the Rydberg constant for the successive spectra. For example 
the Rydberg constant for the first, second, third and fourth, etc., spectra of an 
element are in the ratio 2^,32,42, etc. Such a simple relation is predicted in 
Bohr's general theory of spectra from the resultant charge of the atom. 

We must pass on for a moment to consider the origin of the X-ray spectra 
of the elements which arise from the vibration of the more lightly bound inner 
electrons of the atom. We know from the work of Bohr, that the electrons may 
be arranged in a number of groups or levels around the nucleus. The first 
** K " level contains two electrons, the second" L " level consists of 8 electrons, 
the M level 18 electrons when completed but divided into a number of sub¬ 
groups and so on. The existence of these levels has been clearly shown by the 
evidence of X-ray spectra in general, and very directly by the absorption edges 
which are clearly shown when a complex beam of X-rays is analysed after 
passing through a layer of the element under consideration. A rough diagram of 
the main levels of a heavy atom is shown in Fig. 2. In order to excite the- 



highest frequency spectrum, the " K " spectrum, one of the K electrons trom 
the inner group must be given sufficient energy either by impact or absorption 
of radiation ene^y, to lift it either right out of the atom or at any rate to one of 
the outer optical levels. The K-group tends to reform by the fall of an electron 
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from one of the outer L or M levels. The fall of the electron from the L level 
gives the Kor. line, from an M level the K/? line, and so on. The fall of the 
electron from the L level leaves-a vacant place to be filled up, and this may be 
done by the fall of an electron from an M or N level, etc., and so the process 
continues uutil the atom is reorganised and all the levels arc filled as before. 
We thus see that the reconstruction of an atom after the removal of a K- 
electron not only gives rise to K lines but to lines of lower frequency duo to 
transitions between the outer levels. The actual spectra are somewhat more 
complicated than on the above simple explanation, but it is only my object here 
to give the broad principles involved without detail. 

It is of interest to note that the spectrum due to the inner groups of electrons 
can only be obtained by actually moving an electron outside the atom, or at 
at any rate to one of the outer or optical levels of the atom. There is as yet 
no evidence that we can obtain spectra due to the mere displacement of an 
electron in a completed group to another neighbouring orbit of higher energy 
corresponding to the single line spectrum of a neutral atom. 

From the foregoing discussion, it is seen that the electronic system of the atom 
can absorb and momentarily store energy in the form of greater potential energy 
relative to the nucleus of one or more of the constituent electrons. The amount 
of this energy per atom involved is considerable even in the case of excitation 
of optical levels, amounting to a few volts. It becomes greater for the removal 
of the more deep seated electrons and in the case of a heavy element where a 
K-electron is displaced from the K-ring to an optical level may amount to about 
100,000 volts. As we have seen, this additional potential energy may be given 
to the electronic system either by the passage through the atom of swift elec¬ 
trons and chaiged atoms, or by the absorption of radiation of appropriate 
frequency. 

The very interesting question arises as to the length of time this energy can be 
stored in an atom before being liberated afresh in the form of radiation by the 
return of the disturbed electron to its normal position in the atom. In the 
general case, it is difficult to obtain experimental evidence on this point but in 
a few cases the average life of an electron in an outer orbit has been measured* 
This has been done by Wien for the hydrogen lines Up and by observing the 
decrease of luminosity of swift hydrogen atoms generated in a discharge tube 
during their flight through an exhausted space. In this way he found the 
average Kfe of an electron in level 4 or level 5 to be about one fifty millionth of 
a second. A time of the same order of magnitude has been found for the 
mercury atom in the excited state. Milne has estimated from astrophysics! 
data an even shorter life for an ionized calcium atom. The evidence, as far as it 
goes, thus indicates that the life of an excited atom is very short so that energy 
can only be stored in the atom for a very limited time. We have nO evidence 
of the time required to reorganise an atom when, for example, a Knclectron is 
ejected from the atom of a heavy element, but it is to be anticipated that it 
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would be a very minute fraction of a second. It may be, as Tolman has sug¬ 
gested, that, in some cases of excitation the duration may be of the order of a 
second, for example in the case of an excited molecule. However, this is a case 
where the rate of vibration is not only much slower but the mass of the vibrators 
are great'eompared with that of the electron. 

It has been suggested that the life of an electron in a temporary orbit, like 
the life of a radioactive element, is governed purely by the laws of chance and 
not influenced by external disturbances. This is an interesting possibility but 
so far the evidence on this point is somewhat indefinite. 

Thtye is another way, however, in which an atom may possibly act as a storer 
of energy for long periods. This is best illustrated by the case of the helium 
atom. In its normal state the helium atom contains two electrons circulating 
in similar nearly circular orbits round the nucleus. The energy Required to 
remove one electron, i.e., to ionize the atom, is 24.5 volts. Under certain 
conditions, Iiowever, helium may exist in the metastable state in which the 
outer electron describes an orbit with an ionization potential of only about 6 
volts. The energy per atom liberated by the change of the atom from the 
metastable to the normal state is very large, amounting to about 19 volts. 
There is reason to believe that a helium atom in the metastable state would be 
permanently stable if isolated in space. Apparently however, by collision with 
other atoms, or with the walls of the containing vessels, there is a rapid reversion 
to the ordinary stable state. For this reason it seems unlikely that energy can 
be stored in such atoms under practical conditions for more than a short time. 
There is always the possibility that such metastabl^ states of higher potential 
energy than the normal may exist for the deep seated levels of the atom, but so 
far there is no experimental evidence of this. 

It is seen that although the electronic system may be subject to violent 
disturbances and may even lose a number of its electrons, the alteration is very 
temporary and the atom under normal conditions rapidly returns to its original 
st^te. Even if it were possible to strip away all the outer electrons and leave 
^ bare nucleus, in the presence of free electrons the atom would be rapidly 
reconstructed with the emission of radiation. It seems clear that in some 
respects the electronic system of an atom is extraordinarily stable, for even if 
one or more of the constituents is removed by suitable agencies, the residual 
system does not break up or reorganise itself into an entirely new system, 
^yhatever the disturbance, the atom always returns to its final state, and under 
normal conditions this requires a very short interval of time. 

1. Mention should be made at this stage of a striking property of atoms in an 
excited state. It has been found that in certain types of collision between two 
atoms known as “ collisions of the second class ” it is possible to transfer part of 
the potential energy of an atom in an excited state so as to excite another atom 
without the emi^ion of radiation. The idea of such transfers of energy between 
two systemsf was first suggested on theoretical grounds by Klein and Rosseland 
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and the proof of its correctness has been supplied by the striking experiments 
of Franck and Cario. A simple case may be taken in illustration. Suppose 
we have a mixture of mercury and thallium atoms and that the mercury atoms 
are excited by the absorption of radiation corresponding to 4.9 volts. Some 
of the collisions of the excited mercury atoms with those of thallium cause the 
excitation of the thallium atoms and the consequent emission of some lines of 
the thallium spectrum. In the absence of mercury no effect is produced by the 
exciting radiation on the thallium atoms. 

The transfer of energy in general will only occur if the energy of excitation 
of one atom exceeds that of the other. The residue of the energy not used in 
excitation is transferred into kinetic energy of the two systems involved. Such 
a type of transfer of energy from an excited to a neutral atom is no doubt of 
great importance in the study of photo-electric reactions and of chemical 
combination generally. 

We shall now turn our attention to the atomic nucleus, and see how far the 
processes considered for the outer electronic system are applicable. We know 
that the nucleus of an atom has a resultant positive harge but still contains 
negatively charged electrons It is generally supposed that the two fundamen¬ 
tal units in nuclear structure are the proton of mass very nearly one, and the 
electron. The proton in the free state is believed to be the hydrogen nucleus 
which has a unit positive charge. Since the main part of the mass of an atom 
is concentrated in the nucleus we can at once deduce from the atomic mass of 
the atom and its nuclear charge, the actual number of protons and electrons in 
the nucleus. For example, the heaviest element uranium of charge 92 and mass 
238 probably contains 238 protons and 146 electrons. The nucleus of even a 
heavy atom like uranium is of very small dimensions and if it be assumed 
spherical in shape, its radius cannot be much greater than 7 x lo ’-- cms. 
In this small space is concentrated this large number of protons and electrons 
which must be held in equilibrium by their mutual forces. It is evident there¬ 
fore, that the deasity of distribution of both protons and electrons in the nucleus 
is very high compared with that of the outer electrons which fill a sphere of 
radius about 2 x 10-8 cms. or about 300 times greater than that of the nucleus. 
It is, of course, probable that the protons and electrons in a heavy nucleus are 
not all independent units of its structure. We have good reason for believing that 
the helium nucleus, containing 4 protons and 2 electrons, is one of the secondary 
building units while it is not unlikely that other nuclear combinations may be 
possible. 

We know that the atoms of the radioactive elements are unstable and break 
up occasionally with explosive violence either with the expulsion of an » particle 
or a swift electron from the nucleus. The processes occurring in such an 
exploding atom are in many respects very different from those observed in the 
outer electronic system. In the first place, it is important to remenjber that 
the radioactive processes are irreversible. The nucleus which has lost an « 
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particle or electron is not reformed by the addition of a positively charged 
particle or electron from outside, but a new atom results of different atomic 
number and of different physical and chemical properties. In this respect the 
nucleu.s is completely differentiated from the outer electronic system where the 
atom is rapidly reorganised even if it has lost a number of its electrons. There 
is no evidence that the electron can fall from the outside into a nucleus, for if 
this were so the material, for example, composing the electrodes of a vacuum 
tube would be rapidly transformed. Notwithstanding claims to the contrary, 
it seems to me very improbable that under ordinary laboratory conditions the 
nuclei of atoms can be changed in this way, or we should long ago have observed 
definite evidence of such transformation; 

In other respects, the contrast between the electronic system and the radio¬ 
active nucleus is very marked. The nucleus expels not only electrons but actual 
atomic masses and the energy of their expulsion is in most cases enormous 
compared with the energy capable of being released from an excited atom. 
In addition the frequency of the penetrating r rays emitted by some radioele¬ 
ments is very great compared with that of the K-radiation of an element, in 
some cases corresponding to an energy of about 3 million volts. 

In one direction, however, there may prove to be a close analogy between the 
processes occurring in the nucleus and outer atom. In recent years, the wave¬ 
lengths of the penetrating r rays from radioactive substances have been 
measured and Ellis has shown that the energies of the r rays emitted from both 
radium B and radium C show those combination differences which are so 
characteristic of the Bohr energy levels in an excited atom. It is thus natural 
to suppose that the emission of penetrating r rays like ordinary X-rays is due 
to transitions between stationary states in the radium B or radium C nucleus, 
and a simple system of energy levels can be deduced to fit in a number of the 
r rays observed. It is, however, not yet certain whether the emission of r rays 
is due to the transfer of an electron or an « particle from one level to another. 

If these conclusions are correct, it indicates that the quantum dynamics apply 
to the nucleus as well as to the outer atom. Unfortunately, we are as yet 
ignorant of the exact laws of force that hold between the protons and electrons 
which are packed so close together in the minute nucleus and so are not in a 
position to determine what quantum orbits are theoretically possible. 

In view of this conclusion, it is somewhat surprising that we have not been 
able to find any certain evidence that the nuclear electrons, which for a heavy 
atom exceed in numBer the planetary electrons, play any obvious part in the 
absorption of the most penetrating r rays. As far as experiment has gone, the 
scattering and absorption of r rays is due very largely if not entirely to the 
planetary electrons. It may be that the majority of the electrons in the nucleus 
are so tightly bound in various combining units that they no longer act like the 
comparatively loosely bound electrons of the outer atom. 

In conclusion a few words should be said about the origin of the energy 
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liberated from radioactive atoms in tiie form of the (x , and r rays. On present 
views of nuclear structure, it seems clear that a considerable part of the energy 
of the <x particles emitted by radioactive substances—probably more than half— 
is acquired in escaping through the powerful repulsive field of the nucleus. On 
the other hand, a p particle to be ejected from the nucleus, must be endowed 
with much greater energy than we observe, for it is attracted back to the 
nucleus. The r rays of course, are quite unaffected in energy in escaping from 
the atom, provided they are not scattered by the electrons. 

It has b^n suggested that the nucleus of a radioactive atom like that of 
uranium is analogous to an " excited atom where an electron is displaced to a 
level of higher energy On this view, the units of the nuclear structure have not 
all arranged themselves in positions of ultimate equilibrium but still have a 
surplus energy which is released in the form of the characteristic radiations 
from active matter. Since, however, uranium has a radioactive life of about 
7,000 million years, it is clear that the life of an excited nucleus is in some cases 
enormous compared with the life, for example, of an excited hydrogen atom. 
On this view the primary radioactive elements, uranium and thorium, are sole 
survivors on the earth today of types of atoms that were common in long dis¬ 
tant ages when the atoms now composing the earth were in course of formation. 

On our present views of nuclear structure, it seems fairly certain that energy 
must be expended to remove the protons and electrons composing a nucleus to 
a great distance from each other. This, however, does not exclude the possibilty 
that energy may be derived from some atoms by removal of one or more of the 
parts of the nucleus. Suppose, for example, as seems not improbable, that the 
heavier nuclei arc composed in part of satellites in the form of cx particles or 
protons which are held in equilibrium by a resultant attractive force from the 
main nucleus. By suitable agencies, it may be possible by the expenditure 
of energy to make the satellite unstable and to remove it from the attractive 
field close to the nucleus to the region where the forces are repulsive. In escap¬ 
ing from the atom, the satellite may acquire more kinetic energy in the repulsive 
field than was required to upset its equilibrium. Energy may in some cases be 
gained as a result, although such a process may only be possible for a few units 
of the nucleus which exist in satellite form. 

This may be illustrated by the results obtained by Dr. Chadwick and myself 
in the study of the artificial disintegration of an aluminium nucleus by bombard¬ 
ment with swift (X particles. In a small fraction of the cases where disin¬ 
tegration occurs, a proton is liberated with energy even greater than that of the 
colliding « particle, so there is on the whole a measurable gain of energy in the 
disintegration process. Further light has recently been thrown on this question 
by the experiments of Blackett, who has obtained by the Wilson method a 
number of photographs showing the trails of the particles when a nitrogen nucleus 
is disintegrated by a close collision with an « particle. In these photographs, 
only the liberated proton and recoiling nucleus are visible after tKe collirion. 
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This suggests that the « particle is captured by the nitrogen nucleus while the 
latter loses one of its constituent protons. It is not unlikely that a similar result 
may hold in this case of aluminium so that the gain of energy referred to comes 
rather from the building up of a heavier atom than from its disintegration into 
a lighter one. 

Deductions of this kind must of necessity be rather speculative until we have 
more definite knowledge of the detailed structure of the nucleus and of the nature 
of the forces that hold it together. In a sense, the minute nucleus of an atom is 
a world of its own, of which we know very little, but there are at present a num¬ 
ber of modes of attack which may add much to our knowledge in the near future. 


DISCUSSION. 

The Chairman, in moving a very hearty vote of thanks to the Lecturer for ins 
admirable discourse, said he had to confess that he felt very unworthy to do such 
a thing, as he was afraid that he could not personally discuss to any advantage 
the wonderful lecture which had just been delivered ; but he had great pleasure 
in calling upon Sir Oliver Lodge to second the motion, in the hope that he would 
be able to perform the function more worthily than he himself was able to do. 

Sir Oliver Lodge, F.R.S., said before he seconded the vote of tlianks he thought 
the meeting would wish him to announce a sad item of information which had 
just reached him, namely, the death that day of Mr. Oliver Heaviside, a great 
mathematician and one who had elaborated the theory of cable signalling; one 
who had given the theory of electric waves in many complete forms, and one whose 
work was of an extraordinarily brilliant character, though having personal 
characteristics which did not make it acceptable at once.’ Mr. Heaviside had lived 
the life of a recluse, and he had died very sorrowfully in Devonshire in a nursing 
home, but looked after with affectionate piety by Dr. Searle, of Cambridge, who 
had gone down to take care of him ; otherwise he would have been quite alone. 

He was very glad indeed to second the vote of thanks to Sir Ernest Rutherford. 
The subject of the lecture was so large that he did not know where to take it up. 
The fact was that a great deal of what Sir Ernest had been saying about the outside 
parts of the atom, although very interesting in itself, had been almost put out of 
his mind by the extraordinarily interesting light which Sir I rnest was beginning 
to throw upon the nucleus. Sir J. J. Thomson had discovered the electron, and he 
thought it was fair to say that his successor. Sir Ernest Rutherford, had discovered 
the nucleus. Sir Ernest had not yet told them much about it; there was a lot 
more to know about it. It was the most interesting thing in physics at the present 
time. Sir Ernest was a young man in full vigour, and long after he (Sir Oliver) 
had gone, he would be teUing the world a great deal more about it. Meanwhile, 
Sir Ernest had begun. He had begun by disintegrating, and he now, from his 
words that evening, seemed to be building it up again; but whether he had under¬ 
stood Sir Ernest correctly or not, he was not quite sure. Sir Ernest bombarded 
the nucleus with an alpha particle which was a charged helion atom with atomic 
weight 4; he threw out of it a proton which was a charged hydrogen atom with 

atomic weight i. He had never told anyone before what happened to 

that helion atom. He now said it came in, and was captured. If 

one put in 4 aiid took out i, there were 3 left. If so, Sir Ernest 
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had begun to build up the atomic weight, and that is what scientists 
liad been wanting to do for years. There liad been spontaneous disintegration 
ever since Madame Curie had discovered radium, in J cod ever since uranium 
had been discovered, but no one had ever been able to build up. Yet something must 
have built them up. Perhaps it was in the interior of hot stars that the chemical 
elements were being formed, wliilc we only saw them going down again. Were they 
going up in Rutherford’s laboratory ? He did not know, but his audience would 
see the importance of what was going on. They had in Sir Ernest the man who 
really started this kind of astronomy of the atom—the astronomical atom. He 
showed that the law of inverse square was obeyed by those planetary electrons, and 
thereby the whole dynamics of Sir Isaac Newton became applicable to the atom. 
Sir Ernest now seemed to be beginning to detect law and order, perhaps similar 
law and order, in the crowded nucleus, where protons and electrons were jammed 
together into a very small space. He believed Sir Ernest thought the proton was 
smaller than the electron. There were reasons for supposing it was; tliough he 
himself had a reason for saying that the proton was 7J times the diameter of the 
electron. That all showed how little was known about it. Those measurements 
had to be made. Was it not remarkable the insight that was being obtained into 
the interior of what used to be thought in his youth the smallest possible particle ? 
How could it be anything but a sort of J^uclidean point without parts and without 
magnitude ? But it had law and order; it had a system, and it obeyed laws. 
Those laws, expounded by Bohr, who had begun his work in Rutherford’s laboratory 
at Manchester, and who was now one of the greatest scientists of the time, gave 
the theory of the spectrum. Anyone who looked at a photographic spectrum 
would see how complicated it was, and might well wonder how to interpret it. 
Yet a great deal of accurate law had emerged from Bohr’s system. They were 
analysed specially at South Kensington by Professor A. Fowler, and he hoped 
Sir Alfred Yarrow, who was present in the audience, was pleased with the work 
which was being done by those research professors whom he had endowed. 

He had said enough to show that the meeting had been privileged to be introduced 
to the latest development of this remarkable investigation characteristic of the 
present century—an investigation which was only one of several great pieces of 
work at present going on in physics, and which gave opportunities for discoveries 
that were rousing keen enthusiasm not only among younger physicists, but also 
to a large extent among the educated public. 


LA VIE INDUSTRIELLE EN FRANCE. 


Le IX"* Salon de l’Aeronautique, a Paris. 

Le Salon de TAdroziautique vient de se tenir k Paris, au Grand-Palais des 
Champs-Elys6es, du 5 au 21 d^cembre, et on a pu y juger des progrds r6cents 
de la construction. Les participants strangers 6taient tr^ peu nombreux: une 
hrme anglaise (Armstrong Siddeley) et trois hollandaises, mais les constriicteurs 
fran^ais ont expos6 en grand nombre des avions de toute cat6gorie, des moteurs 
puissants, et deux petits dirigeables. 

Les recherches se sont port^es sur l augmentation de vitesse (on a atteint 
r^cemment pr6s de 400 kilomdtres-heure), sur I'accroissement de la charge utile 
et la reduction de la puissance. Au point de vue constructif, on abandonne 
de plus en plus le bois pour en venir k la construction entidrement •m^tallique, 
partie en acier, partie en alliages 16 gers: duralumin, alfdriunif etc. Les hdlices 
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mdtalliques elles-m6mes semblent s’imposer k Tattention: les maisons Nieuport 
et Chauvidre en fabriquent d^j&. 

Les Etudes d'a^rodynamique se poursuivent activement dans les centres de 
recherches officiels, k Paris (laboratoire Eiffel, appartenant aujourd’hui k TEtat), 
k St. Cyr et k Issy-les-Moulineaux, tons trois pourvus de souffleries et de tunnels 
capables de recevoir des modules d'avions r^duits et mdme certains 616 ments en 
grandeur d‘ex6cution, pour les mesurcs k la balfince a^rodynamique. Ces centres 
d*6tudes sont pr6cieux pour la d^terminatiqn des qualit^s des profils d'aiLes, 6pais 
et semi- 4 pais, pour la mise en Evidence de Tinfluence de la disposition des voilures 
les unes par rapport aux autres, pour la recherche des conditions de rendement 
optimum des helices montdes en tandem, etc. 

Noqs no pouvons que mentionner ici trds rapidement, parmi beaucoup d*aiitres, 
quelques avions particulidrement remarqu^s an Salon. Cest d'abord le Br^guet, 
type XIX, module de I’avion du Capitaine Pelletier d’Oisy pour la premidre partie 
de son voyage Paris-Tokyo. Ce biplan comporte un moteur Lorraine-Di^trich 
de 400 h.p. ou un moteur Renault de 480 h.p. 

Citons encore les avions de chasse Dewoitine et Nieuport-Delage, les avions 
de transport commercial B 16 riot, les avions d'6cole et de tourisme Caudron, les 
hydravions Latham et Cams, les avions de bombardement Farman et Lior6- 
Olivi^ir les monoplans Morane-Saulnier, type ** Parasol,’* enfin le grand monoplan 
k deux moteurs des Etablissements Schneider. 

Les constructeurs de moteurs bien connus, Farman, Lorraine-Dietrich, Renault, 
Salmson, ont expose de nouveaux modules dont I’endurance devient de plus en 
plus grande. II ne faut pas oublier, en effet, que les moteurs sont I’organe vital 
de I’avion, et que leur revision p^riodique k courts intervalles, coiltant fort cher, 
grdve lourdement le prix de revient de la tonne kilom6trique transport6e. 

Les Turbines a Explosion pour L’AERONAuriguE. 

La question des turbines k explosion, k gaz ou k p^trole, est ^tudi6e en France 
depuis plusieiurs ann6es. Kile a fait des progrds suffisants pour que le Service 
Technique de I’A^ronautique ait pu passer r^cemment, k trois constructeurs, des 
commandes de turbines k essence destines k ^tre essay6es sur des avions. Ces 
moteurs sont destines, en principe, k permettre des vols trks rapides aux altitudes 
61 ev 6 w.s. 

Les plus importantes de ces nouvelles machines sont les turbines Odier, dont 
trois unites de 300 h.p. chacune ont ^t 4 commandoes. 

La turbine k explosion comporte un compresseur remplissant d’air cemprimO 
et d’essence pulvOrisOc, une chambre que Ton allume. Les gaz s’Oehapp ent par 
un orir.ee en forme de tuyOre, qui les dirige sur le rotor de la turbine, du type k 
action. La turbine Odier, perfectionnOe par plus de deux annOes de recherches, 
fonctionne k 2,000 ou 2,200 explosions par minute, sans Ochauffement excessif; les 
tuites sont trOs faibles et les gaz rOsiduels sont OvacuOs k une pression lOgOrement 
infOrieure k la pression atmosphOrique. 

Plusieurs chambres d'explosion ont dOjtt fonctioimO pendant plus de 200 heures 
sans usure sensible. 

Contrairement k ce qui a lieu pour les moteurs a pistons, le rendement est 
augment, en retardant I’allumage. 

Le compresseur aspire dans le carburateur, de sorte que e’est I’air carburO qui 
est comprimO directement dans la chambre de compression. Les tuydres qui 
dirigent les gaa de I’mcplosion, taill6es dans la masse, sont en acier rapide. Les 
ailettek* du rotor sont form^ de disques lenticulaires d’^gale resistance, k la 
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p^riph^rie desquels sont encastr^es des ailettes frais6es; ces ailettes preiment, 
ail fonctionnement, un poll remarquable. 

Les essais des premieres turbines Odier ont doim^ des r^sultats trds int^ressants. 
Les details de construction en sont tenus secrets jusqu'ici, mais on compte que ces 
motears auront surtout un trds bon rendcment aux hautes altitudes, et qu'ils 
permettront d' 61 ever sensiblement le ** plafond *' des avions actuels. 

Un nouvel Alliage leger pour les Constructions Mecaniques, l'Alferium. 

Les alliages d'aluminiura et ceux de magnesium, les premiers surtout, ont d^j^ 
conquis une place de premier ordre dans les constructions automobile et a6ro- 
nautique. Le plus ancien et le plus connu est le duralumin, aujourd'hui employ^ 
k r6tat lamin6 ou estamp6, pour constituer, par exemple, Tossature des dirigeables 
Zeppelin, ou des ailes et des cellules d'avions. 

L'alpax, beaucoup plus recent, est un autre alliage d’aluminium k 13% de silicium, 
qui s'emploie fondu, et rend pour les pieces moul6es (carters, roues, etc.), les 
memes services que le duralumin. 

Un nouveau venu dans la meme famille est Talf^rium, alliage k base d'aluminium 
et de cuivre, fabriqu^ par les usines du Creusot. Void quelques details sur les 
qualit6s physiques et mdcaniques de ce nouveau m^tal. 

Au dernier stade de sa fabrication, il est chaufid vers 500®, puis trempe k I’eau ; 
il est alors relativement doux, mais il durcit de lui-mdme pendant quelques jours 
(e'est ce qu'on appeile le vieillissement) et, au bout d'une semaine environ, il a 
atteint ddfinitivement les caraetdristiques suivantes : 

Limite dlastique: 22 k 28 kgs par m/m^ 

Rdsistance: 36 4 42 kgs par m/m^ 

Allongement: 14 k 22% 

Module d'dlastidtd: 7f500 

Densitd: 2.8 

Point de fusion : 640^ C. 

Coefficient de dilatation lindaire : 22.6 x io~^ 

Chaleur spdcifique: 0.22 

Son usinage k froid est facile; son travail k chaud doit se faire aux environs de 
400^ sinon le mdtal est sujet k se Assurer. 

L'alfdrium, d*aspect blanc argentd, rdsiste bien k rhumiditd; cependant, il est 
prdfdrable de le protdger par un vemis. 11 est peu sensible aux acides, mais trds 
attaquable par la soude et la potasse. 

Dans rhumiditd, l’alfdrium se corrode au contact de I’acier, et plus Idgdrement 
au contact des mdtaux cuivreux. Pour Tassemblage des pidees d’alldrium, on 
doit done employer des rivets en alfdhum, de prdfdrence aux rivets en cuivre et 
surtout aux rivets en acier. 

Cc mdtal. actuellement foumi k I’dtat de t 61 es, tubes, barres et profilds, est utihsd 
dans I'aviation, dans I’automobile, dans les chemins de fer et tramways, dans 
Tartillerie, etc. 

Nouvelles Lignss db Chemins oe fer desservant des Mines de per bn Algerie. 

On vient d’inaugurer, le 15 ddeembre, une nouvelle ligne du rdseau algdrien qui 
descend de Tlemcen, sous-prdfecture du ddpartement d'Oran, jusqu'ao port de 
Beni-Saf, sur une longueur de 60 kilomdtres (38 miles). Cette li^e comporte 
deux ponts importants sur la Tafna. 

D'autre part, on dtudie une ligne devant relier Sdtif, sous prdfecture du ddparte¬ 
ment de Constantine, au port de Bougie, en traversant une rdgion mbntagneuse 
de la Petite Kabylie, dont les richesses minidres et forestidres sont inexplditdes^ 
iaute de ddbouch^. 
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A' mesnre quie la construction de la ligne avancera, elle permettra d'exploitcr 
les mines de fer 6chelonn6es sur son parcours, qui lui foumiront au8sit6t des 
^Iteients de trade. 


' ' tteVELOPMENT OP FRENCH WATER-POWER RESbURGES. 

(Concluded from page 384 .) 

The Rhine is really the only nver in the fourth area for which schemes have 
materialised, and even on this river work is concentrated on one station—at Kembs 
(80,000 h.p.); seven other works (with a total horse-power of 720,000) between 
B|Ue and Strasbourg are planned. Progress has been made and the Alsatian 
electrical companies are already planning the lines to take the force produced by 
the iltation. Apart from this scheme, the only project of any importance is the 
rumoured harnessing of the Weiss. 

Outside the four main districts development on a much smaller scale has been 
proceeding. In Brittany a new station is being erected at Guerledan on the Blav^t. 
A reservoir with a capacity, of 50 million cubic metres is being constructed, and the 
voltage of the lines from the station will be from 15.000 to 45,000 volts. In general, 
outside these regions, and especially in the Northern Area, the large schemes put 
into operation since 1919 have been based on the utilisation of coal for electricity 
production. 

The plans for the execution of the first tidal-power station in the world, namely 
that at Aber-Wrach (24 miles by light railway from Brest, the point of the barrage 
being three miles up the Aber-Wrach estuary) have all been completed, but the 
necessary capital for proceeding with its construction has not yet been secured. 
The Aber-Wrach station takes the form of a barrage of 150 metres in length and 
from 12 to 24 metres broad, composed of three caissons in reinforced concrete with 
four groups of turbines working under the double effect of the tide (the depth at 
barrage and for about a kilometre higher up is 12 to. 15 metres) and ebb-tide the 
power obtained would vary from 75 to 1,200 h.p. In the central caisson (34 metres 
long, 26 metres high, and 24 metres broad) will be placed the turbines; there will 
be two alternators furnishing a current of 1,500 volts. The length of the three cais* 
sons will be 70 metres. Following the usual Swiss practice, there will be provided 
a bohtiift 10 metres broad to allow of the passage of boats and dredgers. The second 
barrage will be a station utilising the fresh water of a stream named the Diouris, 
which flows into the estuary of the Aber-Wrach. This barrage will be 30 metres 
high, allov^g the storage of 12,000,000 metric cubes of fresh water, with a fall 
varying from 8 to 29 metres. This establishment will have as its object to regulate 
the intermittent electric power producible by the tidal station, and more particularly 
to accumulate water for providing power during the twenty to thirty minutes at 
the turn of the tide when the latter is more or less quiescent. The two concerns 
will work in close liaison with each other and give a continuous minimum power 
of 1,600 h.p. and a maximum power of 3,200 h.p. Annual production would thus 
amount to 11,000,000 kilowatt hours, corre^onding to an economy of 16,500 tons 
of coal per'^nnum. Brest would be supplied by a transmission line of 30,000 volts. 
State support for the whole scheme received the approval of the Senate on 23rd 
Deceml^r 1923, but the financial amount to be contributed to the estimated cost 
of 2o,ooo»ooo huncs (at 1921 prices) has not yet been voted. If the Aber-Wrach 
statjpn proves a success, it is probable that a similar station will be constructed in 
the. future in tbe estuary of the Ranee (which runs from Dinan to St. Malo): it 
yield 300 to 400,000 h.p. or 220,000 kilowatts. A Brest roadstead 
scheme has also been mooted. 
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GENERAL NOTE. 

Tattooing Large Black Pigs. —The Scientific Research Committee of the Large 
Black Pig Society, 12, Hanover Square, London, W. i, has devoted considerable 
attention to the question of the tattooing of the large black pigs. At the present 
time, there are two systems of marking pigs, namely, by means of notching the 
ear, or by the insertion of ribbons containing numbers. Neither is quite satisfactory, 
as these systems do not provide any guarantee against dishonesty, such as 
would be obtained if a proper tattooing system could be devised. It is quite 
simple to tattoo white pigs ; but with regard to the black pigs the difficulty arises 
from the colour. Tattooing or marking is always carried out in the ears, and 
what the Large Black Pig Society particularly want is a tattooing ink which can 
be applied by ordinary tattooing instruments and which will leave a permanent 
record in the ear. The Scientihc Committee of tlie Large Black Pig Society have 
recommended that substantial prizes should be offered to competitors who submit 
any scheme for the tattooing of large black pigs which will have the particular 
characteristic desired by the Society, namely, permanency. 


MEETINGS OP THE SOCIETY TO APRIL 29. 1925. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock, unless otherwise announced :— 

March 18.— Claude H. Friese-Greene, " The Friese-Greene Process of Colour 
Cinematography.” (Illustrated by films in natural colours). J. Dudley John¬ 
stone, President, Royal Photographic Society, will preside. 

March 25,— ^Henry G. Dowling, ” Wall-papers.” 

[ April i.—^William Nunn, ” Siam : its Prospects and Possibilities.” 

April 22.— Cedric Chivers, ” Bookbinding.” J. M. Dent will preside. 

F April 29.—^Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.), 
B.Sc., D.P.H., F.R.C.P.E., ” The Trend of Modem Hygiene.” 


Dominions and Colonies and Indian Sections. (Joint Meeting.) 

Thursday, April 16 (4.30 p.m.)— ^Lord Stevenson, G.C.M.G., ” The British 
Empire Exhibition. Sir Charles Campbell McLeod, Bt., will preside. 


MBBTINOS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Mokday, Makcb z 6 ..Ge(mphical Society. Keniin^ii 
Gan, S.W. 5 PJn. Mr. R. D. OMhaanr^^ 
Portolan Mept of the Rheme Delta.'* 

British Architects, Royal Institute of, 9, Conduit 
Street,W. 8pjn. Mr. F. R. Hloms," The Corporate 
Spirit in Architecture." 

Textile Institute^ at the Qothworican' Hall, 41, Mincing 
Lan^B.C. ^.43 pjn. Prof. A. F. Baricer," Fashions 


Elaetrieal Engineers Institution of (Local Centre), at 
The Univeralty, UveTpooL 7 PJO, DIscussioo on 
•" The AppUcatiotts of meetzidty on Board Ship." 
Swiney Lecture, at Kingt Cdlegeu Strand, W.C. 
pjn. S. w. xTlSoido^^Thi Geologicsl 
r of Plants." (Laotun 




Univenity of London, University C 611 «e, Gower 
Street W.C. 5.30 pjn. Prof. A. £. R i c h a r ds on , 
" Bri^ and Designs for Bri^e^" at the London 
School of Economics and Political Science, Houghton 
Street, Aldwycb, W.C. 3 pan. Prof. A. B. Jadssen, 
** The Restoration of Belgian Public Finai^." 

At the Institute of Historical Research, I^t Street, 
W.C. 3.30 pjn. Prof. P. Lehmann," Axmlo-German 
S^rfot in tte Germany of the BliddJe Ages." (Lecture 

City of London College, White Street Mbo rfl elds, B.C. 
3.30 pjn. Dr. B. Wendler, " Commercial Develop- 
nants in Germany." 


Tvisoay, March zy..Statistical Speiety, at the Royal 
SocBTY OF Arts, John Street Adetahi, W.C. 
3.X3 pjn. Mr. C. W. Huroomb, ** 0 £GW Railway 
Statistfos in Great Britain." 

Mineralogteal Society, at the Geologioal , Society, 
Burlingtra House, ffoeadilly, W. 5*30 p.a. 
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Marine Engineers, 85, The Minories, E. 6.30 p.m. 

Mr. A. C. Hardy, *'^Motor Passenger Vesads.'* 
Photographic Society, 35, Rnssdl Sqnare, W.C. 7 pjo. 
Annual General Meeting of the Scientific and Technical 
Gtonp.” 

Rooian Studies, Society for the Promotion of, at the 
Society, of Antiquaries, Burlington House, Piccadilly, 
W. 4.30 pjn. Mr. S. ErWinbolt, “The Brito- 
Roman Site at FoUcestone." 

Royal Institution, Albemarle Street, W. 3.15 p.m. 
E. N. da C. Andrade, “ The Evolution of the 
Scientific Instrument." (Lecture II.) 

Eleetrical Engineer^ Institution of, (N. Western 
Centre), at the Engineers’ Club, Alb^ Square, 
Manchester. 7 p.nL Cokmel T. F. Purves, '’The 
Post Office and Automatic Telephones." 

Transport, Institute of, at the Institution of Electrical 
Bngineera, Savoy Place, Victoria Embankment, W.C. 
3.30) pjn. Mr. A. £. Kirkus, “ Some Practical 
SUtbtical Units." 

Automobile Engineers, Institution of, at the Engineering 
and Scientific Club, Wolverhampton. 7.30 p.m.^ 
Mr. A. F. BurstalL “ Experiments on the Power and 
Efficiency of a High Speed Gas Engine." 

University of London, University Collie, Gower 
Street, W.C. 5.30 p.m. Prof. A. C. Seward, 
“ Botany." (Lecture 1 .) 

4.30 pm. Mr. C. D. Forde, “The Megalithic 
MSmuments of Brittany." 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Sir Bernard Pates, ’’ Contemporary 
Russia from x86z." (Lecture IX.) 

At the London School of Econoznics and Political 
Science, Houghton Street, Aldwych, W.C. s P«sn* 
Sir Darnel Hall, “The Factors which limit the 
Devdopment of Food Production in Great Britain." 
(Lecture 1 .) 

WBDNtaoAY, Marcr z 8. .Cold Storage and Ice Association, 
at the Royal Soczxty of Arts, John Street, Adelphi, 
W.C. 5.30 pm. Dr. E. Gr&ths and Mr. J. H. 
Awfa^, Small Re^erating Plants and the Ther- 
nzodynamical Properties of Refrigerating Liquids." 


Mr. S. W. Wooldridge, “ Some Gaps in our Knowledge 
of London Geology." 

Swiney Lecture, at King’s Collie, Strand, W.C. 3.30 
pm. Dr. W. T. Gordon, “The Geological History 
of Plants." (Lecture Vlll.) 

Meteorological Society, 49, Cromwell Road, S.W. 

7.30 pm. (1) Sir Napier Shaw and Mr. H. Fahmy, 
** The energy of saturated air in a natural environ¬ 
ment." (3) Bfr. C. K. M. Douglas, " On the relation 
between the source of the air and the upper air 


Electrical Engineers, Institutioa of, (Sub-Centre), in 
the Mappin Hall, St. George's Square, Sheffield. 

7.30 pm. Mr. G. F. Jones, “ Some Considerations 
in the Design, Manufiwture sm Testing of Broadcast 
Wirdess Receiving Apparatus." 

Ualvenity of Loodom University College, Gower Street, 
W.C. 3.30 p.izL mf. T. B. Wood, “ The Nutrition 
of the Vounf Animal." (Lecture 111.) 

At King*s^]]|M Strand, W.C. 3.30 p.m. Ptof. 
J. D. Wuson, “ Edu c atioo and Industrial Democracy." 
At the Institute of Historical Research, Malet Street, 
W.C. 3.30 pm. Prof. P. Ldunann, “Anglo-German 
Script to the Germany cf the Early MkkUe Ages." 
(Lecture 11 .) 

At the London School of Economies and PoHtkal 
Houghton Street, Aldwych, W.C. 3 p.m. 
Mr. B. Campion, “ The Banker and the Uw." 
Thumday, Mamcb 19. .Aeronautical Sodety, 7, Albemarle 

Bleetrioal Bagineeni Inatitutiaa of, Sawy Plac^ Victoria 
B&zbankment W.C. 6 _pm. Ut, S. Evenbed, 


Child Study Society, m, Buckingham Palace Road. S.W. 
6 pm. Comdr. a. T. Coote. “What the Miners' 
Welfare Fund is doing for Childien and Yoong People 
in M fyijng Communities." 

Chemical Society, Burliizgton House, Piccadilly, W. 
8 p.m. Messrs. D. H. Bangbam and J. Stafford, 
“ The* activation 'of graphite as a sorbent of oxygen." 
Linnean Society, Burlington House, Piccadilly. W. 
3 p.m. (1) Mr. A. S. Hirst, “ Parasitic Bfites on 
Lix^." (a) Mr. W. R. B. Oliver’* Bio-geognphical 
Rlslations of the New Zealand Region.^' (3) Mrs. 
M. Roach, “ A Study of the Phy^l^y of Certrin 
Soil Alga in Pure Culture." 

Royal Somty, Burlington House, Piccadilly.W. 4.30 pm. 
Antiquaries, Society of, Burlington House, PiocadiUy, 
W. 8.30 p.m. 

Royal Institution, Albemarle Street, W. s.xs pm. 
Dr. L. Hill, “The Biological Action of Light." 
(Lecture 11 .) 

VictorU and Albert Museum, South Kensington, S.W. 
6 p.m. Mr. E. W. Tristram. “ English Wall Paint¬ 
ing *■ 


Leadm County Couneil, at the Gefirye Museum, Kings- 
lazid Road, E. 7.30 p.m. hp, I. C. Goodison, 
“ Some MasterpieoM of the English Cabinetmakers." 
Mining and Metallurgy, Institution of, at the Geological 
Society, Burlington House, Piccadilly, W. 5.30 p.m. 
Mechanical Engineers, Institution of, (AUdland Branch), 
at the Queen’s Hotel, Birmingham. 6.30 pm. Mr. 
j. W. Hall, “The Engineer’s Prospect after 18x5 
and z9x8." 

University of London, at King’s Collie, Strand, W.C. 

3.30 p.m. Dr. A. R. Pastor, “ Spanish Saints and 
Heretics." (l^ture IV.) 

6.30 p.m. Dr. O. Vocadlo, “ Csech Civilisation." 
(Lecture X.) 

At the London School of Economies and Political 
Science, Houghton Street, Aldwych, W.C. s pm. 
Sir Daniel Hall, “The Factors which liznit the 
Development of Food Productioii In Great &itain." 
(Lecture II.) 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 pm. Prince D. S. Mirsky, “ Russian 
Literature In the Second Half of the Nineteenth 
Century." (Lecture IX.) 


Friday, March 3o..Imidon County Council, at the 
Royal Society of Arts, John Street, Adelphi, 
W.C. 6.30 p.m. ’’ Modem Movements in Education." 
(Lecture I.) 

Royal Institution, Albemarle Street, W. 9 p.m. Prof. 

J. W. McBain, “ Soaps and the Theory of Colloids." 
TransporL Institute of, (N. Western Section), Manchester. 

Mr. F. ^rle," Air Transport." 

’ Mechanical Engineers, Institution of, Storey’s Gate, 
Westminster, S.W. 6 p.m. Report of the Marine 
Oil-Engine Trials Conunittee. 

Engineers, Junior Institution of, 39, Victoria Street, S.W. 

7.30 p.m. Mr. S. H. Hole, “ Modem Transport." 
Photographic Society, 35, Russell Square, W.C. 7 pm. 

Address to the Pictorial Group by Mr. F. C. Timey. 
University of London, King’s College, Strand, W.C. 

5.30 p.m. Baron A. F Meyendorlf, “ The Russian 
Church, Past and Present." (Lecture III.) 

Eugenics Education Society, at the Royal Sodety, 
Burlint^ House, PiocadiUy, W. 3 pm. Dr. J. 
Brownlee, “ The Present Tendazdes of Population 
in Great Britain in respect to Quality and Quantity." 
Central Asian Society, at the Royri Unitra Service 
Institution WhitehaU, S.W. 5 pm. Mr. C. P. 
Skrine, “ The Roads to Kashgar.’* 

Textile Institute, at the Overlookers* HaU. High Street, 
Blackburn. 7.30 pm. Sir W. daze Lees, “The 
Economio Situation of Europe as it afitets the Cottop 
Trade of Lancashire." (Joint meeting with Blaokbum 
Textile Society.) 


Saturday, sz..Royil Institution, Albemarle 

3 pjn. Prof. Sir Ernest Rutherfoed, 
“ The Counting of the Atoms." (Lecture IV.) 

C^ty Council, it the Hocnimen Museum, 
Fwt Hill. S.E. 3.30 pm. Mr. S. H. Warren, 
“ Who were the first Sbn ? " 

CWwick Public Lectuzn Unlvenlty CbUege^ iQower 
Street, W.C. 3 pm. Dr. W. M. Fddman. “ Post- 
Natal Child PhyJblogy and Hyglene.*'^^ 
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NOTICES. 


NEXT WEEK. 

Wednesday, March 25 TH, at 8 p.m. (Ordinary Meeting.) Henry G. 
Dowling, Chief Decorative Adviser, Messrs John Line & Sons, “Wall-papers.” 


COUNCIL. 

A meeting of the Council was held on Monday, March 9th. Present:— 
Mr. Alan A. Campbell Swinton, F.R.S., in the Chair; Sir Charles H. Armstrong ; 
Sir Frank Baines, C.V.O., C.B.E.; Rear-Admiral James de Courcy Hamilton, 
M.V.O.; Mr. P. M. Evans, M.A., LL.D.; Sir Edward A. Gait, K.C.S.I., 
C.I.E.; Sir Thomas Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S.; Mr. 
Carmichael Thomas ; Mr. J. Augustus Voelcker, M.A.. Ph.D.; and Sir Frank 
Warner, K.B.E., with Mr. G. K. Menzies, M.A. (Secretary of the Society) 
and Mr. S. Digby, C.I.E. (Secretary of the Indian and Dominions and Colonies 
Sections). 

Sir Charles S. Bayley, G.C.I.E., K.C.S.I., was appointed a Vice-President 
of the Society in place of Lord Blyth, deceased. 

Sir Humphrey Leggett, D.S.O., R.E., was appointed Chairman of the 
Dominions and Colonies Section Committee in place of Lord Blyth, deceased. 

The question of the award of the Albert Medal for 1925 was further con¬ 
sidered. 

A report of the Examinations Committee on the Syllabuses in Commercial 
Correspondence and Business Knowledge was approved. 

Delegates were appointed to represent the Society at a Conference convened 
by the Royal Microscopical Society at the University of Sheffield in April, 
and at the World Conference of Education Associations to be held in Edinburgh 
in July. 

Other formal business was transacted. 
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FOURTEENTH ORDINARY MEETING. 

Wednesday, March hth, 1925. Viscount Burnham, C.H., LL.D., in 
the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Brown, Pcrcival, Barnsley, Yorks. 

Elliott. William Ebenezer, Wallasey. Cheshire. 

Goodman, William Henry, London. 

Harding. Walter, Noctorum, Cheshire. 

Knowles, Professor Lilian C. A.. Litt.D., London. 

Mprren, Percy John, St. Leonards-on-Sea, Sussex. 

O'Conor, The Hon. Broughton B.. M.L.C.. Sydney, Australia. 

Shastri, Hirananda, M.A., Ootacamund, India. 

Strang, Robert Winning, Kilmacolm. Renfrewshire. 

The following candidates were duly elected Fellows of the Society;— 

Banner, Edgar Harold Walter, M.Sc., Wembley, Middlesex. 

Binns, Arthur, Keighley, Yorks. 

Burton, Montague, Leeds. 

Davidson, John, Edinburgh. 

Lockwood, Crosby, M.C., M.A., London. 

Lowe, G. C, T., Liverpool. 

Minnikin, George Rennison, Windermere, Westmorland. 

Priestley, James Nicholl, St. Anne’s-on-the-Sea, Lancs. 

Rutt, Harold Alfred, London. 

Trigge, Joseph Edward, Croydon. 

A paper on " The Restoration of Belgian Towns " was read by M. Emii.e 
Cammaerts. 

On the motion of H. E. the Belgian Ambassador (Baron Moncheur), 
seconded by Lord Burnham, a vote of thanks to M. Cammaerts was unani* 
mously passed. 

The paper and discussion will be published in a subsequent number of the 
Journal. 


PROCEEDINGS OF THE SOCIETY. 


INDIAN SECTION. 

■ Friday, February 6th, 1925. 

Sir Edward A. Gait, K.C.S.I.» C.I.E., PhJ>., in the Chair. 

The Chairman said that the author needed no introduction to the members 
present. Two years ago he contributed a very interesting paper on the. Indian 
census of 1921. On the present occasion he was going to deal with the problems 
suggested by a consideration of the census figures from a somewhat wider point 
of view. Mr. Marten at that moment was on his way to India, and Mr. H. R. 
Crosthwaite, C.I.E., C.B.E., had kindly consented to read the paper. 
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The paper read was:— 

POPULATION PROBLEMS FROM THE INDIAN CENSUS. 
ByJ.T. Marten, M.A., I.C.S., Census Commissioner for India. 

Introduction. 

In a paper which was read before this Society on the 23rd February, 1923, 
I attempted to give some account of the conditions under which the census of 
1921 was taken in India, and some of the difficulties which were encountered, 
and successfully overcome. I also briefly set out some of the most important of 
the statistics of . population in the chief categories of region and religion, and 
gave an indication of the influences which determined the movements of 
population indicated by the figures. Since that date the full results of the 
Census have been published in the official Census Series, and the statistics and 
reports which appear there are available for study by those interested. I do 
not propose on the present occasion to deluge you with figures, but rather to 
draw attention to some of what seem to me the most important problems which 
emerge from the statistical matter collected in these reports. 

Growth of Population. 

2. The population of India as a whole and, with the exception of Assam and some 
few concentrated industrial areas, of the administrative units—the Provinces and 
States—is self-contained. Migration is small and quantitatively unimportant. 
The population grows by natural reproduction, the chief characteristics of this 
growth being a high birth rate, owing chiefly to the universality of marriage, 
and a correspondingly high death rate, a large proportion of which represents 
infant mortality. The measure of progress, i.c., the difference between the birth 
and death rates, is not greater than that of many countries of Europe and may, 
perhaps, be estimated at a normal of 7 or 8 per cent, in a decade. It would 
be interesting if we could arrive at some definite estimate of the factors which 
govern the standards of growth and the periodical fluctuations from them. 
The official birth and death rates are too incomplete and imperfect to be of 
much use, and they do not classify the community in different social and 
economic strata. It is frequently stated that the variations in the "economic " 
circumstances of the people, due to good and bad harvests, form the principal 
factors in determining the variations in the birth and death rates. A confusion 
arises from the use of the word economic. In its wider sense,».«?., as referring 
to all the conditions and circumstances of a " household," social, traditional, 
material and domestic, the word expresses somewhat the same idea as that 
contained in the expression " standard of life." But it is easy to slip from the 
wider to the more restricted use of the word, as implying merely the financial 
and material resources of living, and this is where I think that a ^ery popular 
fallacy arises. In India, as in every other.country, the most prolific portion of 
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the population is at the lowest stratum, and modem theories incline to the view 
that a maximum fertility is associated with a simplicity of life, which usually 
includes a minimum subsistence diet, and that fertility automatically declines 
as life Itecomes more complex, mote luxurious, more individualised and more 
subject to nervous strain. This economic simplicity of living in the larger 
portion of the Indian population, along with the custom of universal marriage, 
has given India a high average birth rate. Diseases, due to climate and 
physical conditions, combined with the non-hygienic customs and traditions of 
the people and their ignorance and indifierence to maternal and infant wel&re, 
lessen their resistance to disease and keep up the level of the death rate. These 
are th^ constants which regulate the vital standards and whidi can change only 
slowly with the progress of education and social culture and with the improve¬ 
ment of the environment. Of the fluctuating influences whidi determine the 
periodical variations from the average the most important, if we except catas¬ 
trophic years of famine, is the direct effect of climate on health and not, I think, 
the smaller variations in the material conditions of the people. In the matter of 
housing, clothing and diet the lowest strata of the Indian people are probably 
not worse off than the slum population of Western towns, taking into considera¬ 
tion the differences of climate; and Mr. Calvert, in his interesting book," The 
Wealth and Welfare of the Punjab," is able to show that the average Punjab 
peasant lives at a standard of life which is distinctly above that of a large 
portion of the peasantry in southern and eastern Europe. It has usually been 
held that high prices are accompanied by a high death rate, but the Health 
Officer of Bengal has recently shown that the opposite is the case. Dr. Mann, 
in his study of economic conditions in the Bombay Presidency, shows that the 
economic effect of prices differs in different classes of the agricultural community, 
and it is well known that dry years are, on the whole, the healthiest, though 
they are not usually years of economic prosperity. On the one hand there 
appears to be an intimate connexion between the quantity and distribution 
of the rainfall and the intensity of the infection of the diseases, such as malaria, 
dysentery and so forth, which are chiefly responsible for the mortality, while 
cm the other hand there is always in w agricultural population, even among 
those near the subsistence limi t, a considerable margin of resource, which 
enables them to resist in a remarkable way temporary economic stringency. 

3.. The annual fluctuations of the birth and dea& rates are, therefore, 
inobably much more dependent on the intensity and onslaught of the principal 
diseases, than on any supposed variations in the resisting power to them of 
the people, owing to economic circumstances. In a graph showing the death 
rates over a long period of 3rears a mean line drawn through the fluctuationa 
would indicate the cultural and material progress of the population and its 
sunoanda^, while the annual fluctuations from the mean would show usually the 
result of temporary dimatic and environmental , changes and only occasionally 
•co Hoini c cataetrophies. The undoubted develoimlent of material resources 
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has not, in the ordinary agricultural community, been accompanied by a 
cultural advance such as would affect the population quantitatively. To put 
the argument as simply as possible, if you could double or treble the annual 
income of every family in the poorer portions of the population, the effect on 
the Vital statistics would not be noticeable for several decades, while if you could 
ensure each household against the economic effect of the ordinary fluctuations 
of the harvests it would not affect the annual variations in the birth and death 
rates. The chief factors arc cultural, climate and environmental rather than 
directly economic. 


Over Population. 

4. But by whatever means the natural growth of the population of India is 
controlled, the actual increment in the last 50 years is considerable, amounting 
to well over 50 million persons; and a normal increment of 8 per cent, un¬ 
checked by any serious catastrophy would represent an addition in the next 
decade of over 25 millions. The question is being seriously asked by many 
thoughtful writers whether we are faced by “ over-population," i.e.. by a 
dangerous pressure of population on the means of subsistence. In tracts, such 
as parts of the Gangetic Valley and of the eastern portions of Bengal, where the 
density of the population reaches 1000 and even 1200 persons per square mile, 
one would suspect that such pressure would be most acute. But economic 
pressure may exist at any degree of density. It is responsible to a large extent 
for the unrest in the tribal areas of the N.-W. Frontier, where the average 
density is at a ridiculously low figure; and Dr. Mann has shown, in his dis¬ 
cussion of the conditions of typical villages in the Bombay Presidency, that 
pressure exists in tracts where the actual density is not much above the 
average. In India, where the population is predominantly agricultural, the 
economic aspect of density resolves itself into the question of the relation 
between the population and the productivity of the land. The capacity of the 
land again depends, apart from its extent, on its scientific treatment and 
economic organisation ; and agricultural methods, choice of crops, distribution 
of holdings, systems of tenures, development of markets and of communications 
are all factors in the expansion of the potential resources of the land. Mr. 
Calvert, in his book already quoted, shows that there exists in the Punjab, which 
is mainly an agricultural tract, apart from the extension of irrigation, an 
enormous margin for the development of agricultural wealth. In India as a 
whole, with its waste places and its industrial and mineral potentialities, local 
" over population," due to the overtaking of the existing material resources of 
a tract by the expansion of the population, is a matter of temporary want of 
adjustment; and in the historical life of a nation the temporary hardships and 
difficulties involved are probably more than counterbalanced by the stimulus 
to enterprise and progress which this lack of adjustment brings. 
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Migration. 

5. Meanwhile the birthplace statistics of the census give a valuable indica¬ 
tion as to the manner in which local pressure of population is being relieved 
by redistribution. The completion of the great irrigation works of the Jhelum 
and Ch^nab Rivers has thrown open in the last 10 years large areas of land 
in Northern India for cultivation. There has been an important movement 
of surplus population from the congested tracts of the centre and north of the 
Punjab into the canal areas of the south-west of the Province. In the east of 
India the undeveloped lands of Assam have attracted thousands of permanent 
agricultural colonists from the dense areas of Eastern Bengal, while the tea 
garde) population is steadily drawn from the lower strata of the United 
Provinces, Central Provinces and Bihar and Orissa. Assam has almost doubled 
her population in the last 50 years and it has been calculated that nearly a 
quarter of her present population is of foreign extraction. In the same way the 
waste lands of Orissa and the Santal Parganas are attracting increasing numbers 
of colonists from the neighbouring areas, especially the congested areas of the 
Ganges Valley in the United Provinces. But apart from the movements of 
agricultural colonists there are important streams of labour migration partly 
for agricultural and partly for industrial purposes. Bihar and the western 
portions of the Central Provinces pour out their labouring population eastward 
to gather the harvests of Bengal and to fill the coal mines, jute factories and 
docks of the eastern industrial areas. The United Provinces sends three quar¬ 
ters of a million labourers to Bengal, Bombay, the Central Provinces, Assam 
and Burma. The enormous reservoir of labour filled by the backward classes 
of the Madras Presidency overflows into the plantations of Mysore and Travancore 
and supplies the larger part of the overseas stream to the plantations and factories 
of Ceylon, the Malay States and Burma. Burma has now more than half a 
million Indians, two-thirds of whom are Hindus or aboriginals. The majority 
are labourers from Madras, Bengal, and the United Provinces, and the increase 
in the decade is about 16 per cent. Labour emigration out of India has recently 
been checked by legislation but there are nearly if millions of Indians in other 
parts of the British Empire, most of whom are labourers. While a considerable 
part of the movement of labour in India is periodic and temporary, the labourers 
leaving their families behind and returning to their homes after the harvests or 
at periodic intervals, there is undoubtedly an increasing tendency towards 
permanent movement and settlement, and in many cases the migration which 
is here described, and which the improvement of communications has done 
much to stimulate, is an important factor both in the material improvement 
of the resources of the people, and as a moral stimulus which is gradually over¬ 
coming the conservative and immobile character of the population. 

Urban Concentration . 

6. Another aspect of the redistribution of the population which has in India 
some interesting and characteristic features is the distribution between country 
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and town. The Indian is not, as a rule, a genuine town-dweller and urbanisa¬ 
tion has made very slow progress, the whole increase in the urban population 
in the last thirty years amounting to only one per cent. Even this increase is 
confined within very limited areas. Many of the areas classed as towns have 
few genuine urban characteristics, a considerable portion of their population 
being actually or virtually agricultural. The figures show very clearly that the 
medium-sized country town is either stationary or decadent and that it is 
only, or at any rate chiefly, in the large towns and cities that, under the influence 
of commercial or industrial expansion, there has been any considerable growth 
of population. In these larger classes of towns, viz.: towns of over 50,000 
persons, the increase in the urban population amounts to 16 per cent, or more 
in the decade ; in towns between 20,000 and 50,000, 8 per cent., and in towns 
between 10,000 and 20,000 less than i per cent. A somewhat ominous feature 
in connexion with this urban industrialisation is disclosed by the sex statistics 
of the larger industrial towns. While, for example, in Bengal the proportion 
of women to men in all towns has been steadily falling, showing that a growing 
proportion of the town populations consists of more or less temporary immi¬ 
grants who have left their families behind, this growing disparity in the sex 
ratio is specially conspicuous in Calcutta and the industrial towns, and is becom¬ 
ing a real danger signal. The influx into the industrial areas of male labourers 
who have left their families behind has steadily increased, so that in Calcutta 
males outnumber females by over two to one; and the corresponding 
change in the average sized industrial or commercial town is still more remark¬ 
able. In Calcutta, where there are only 374 married women per 1000 married 
men and only 47 per cent, of the women were returned as married, the predomi¬ 
nance of males must involve a great increase of sexual irregularity. The male 
labourers being nearly all married with a wife somewhere away at home in the 
country, this disparity means that most of the workers are leading an unnatural 
existence, missing the steadying influence of home life, and only anxious to 
earn enough to get back to their homes and families. It is not unnatural that 
their employers find that they have little heart in their work and that they 
are notoriously unsteady. Similar conditions obtain in other large industrial 
centres. The cosmopolitan population of Rangoon has a sex-ratio of 444 women 
per 1000 men, which contrasts conspicuously with that of the resident Burmese 
city of Mandalay, where there are as many as 915 women to every 1000 men. 
Though the industrial areas of the Bombay Presidency have a large foreign 
population, immigrant labour is of a more permanent nature than in similar 
tracts in the east of India, and there is more employment for women in the 
cotton mills than in the mines and factories. Bombay itself has 524 women per 
1000 men and the ratio in Karachi is 629, in Ahmedabad 763, and in Sholapur 
894, all of these towns except the last having cantonments within their areas. 
These figures suggest an evil connected with the growing industrialisation of 
part of the Indian population which is, however, largely due to the fact that at 
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the present stage of industrial progress there has not yet been established a 
definite industrial labour population. The labour which the industries employ 
is still chiefly drawn from the agricultural population which has its heart and 
its home in the country. 

Communal Divisions. 

7. There are various ways in which it is possible to classify the population for 
demographic purposes, e.g., religion, race, birth-place or social or economic con¬ 
dition. In a Census Report attempt is made to distinguish these different 
system^ of classification, but I propose here to mention briefly some groups which, 
whether on account of religion, race, social or economic reasons, seem to be 
marked off from one another by differences of culture, tradition or point 
of view, and have a communal individuality. 

Hindus. 

8. Hindus now number 216 millions, or over §rds of the total population. 
But in marking off the Hindu community we are always faced with the difficul¬ 
ties (i) of the large body represented by the lower strata, whose beliefs arc 
largely animistic and whose connexion with Hinduism is of a somewhat slender 
nature, and (2) of a smaller number, belonging mostly to the hills and forests, 
who return themselves, or are returned, as adherents of tribal religions, such as 
Gond, Oraon and so forth. The former class, who include the large body of 
** untouchables amounting to between 50 and 60 millions, are for census 
purposes included among Brahmanic Hindus. The recorded followers of the 
tribal religions number nine and three quarter millions, but the border line 
between these tribal religions and the Hinduism of the lower classes of Hindus is 
vague, and the record in the case of the tribes is so arbitrary, depending largely 
on the whim of the enumerator, that it is doubtful if the figures have any great 
statistical value. Taking the figures for Hindus, however, as they are recorded, 
there has been a steady decline in their proportion since the Census of 1881. 
The fall is marked in Bengal where the proportion of Hindus dropped from 45 to 
44 per cent., while the Muhammadans .rose from 52 to 54 j^er cent. While 
the Hindus gain by the absorption of the tribal communities they lose by 
transfer, chiefly from their lower ranks, to Christians and Sikhs and to the 
Arya Samaj. It is, again, in the tracts in which Hindus predominate, in 
Bombay, the United Provinces and the Central areas of the country, that the 
highest mortality occurred. The caste statistics are not sufficiently accurate 
to enable us to separate off the various strata of Hindu society, but the trend 
of political and social thought suggests three main divisions of which some 
numerical estimate can be given. We can place the Brahman community 
fairly accurately at about 14 million. The " depressed ” classes of untouchables, 
including recently Hinduised tribes, number about 60 millions giving as a re- 
mainddi of 143 millions representing the non-Brahman Hindu castes, which 
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include the chief agricultural and higher artisan communities as well as the 
fairly large body of professional men and traders. 

Caste. 

9. I do not propose in this paper to say much on the subject of the castes 
or races of the people, as the scientific aspect of caste has been fully discussed 
in the caste chapters of previous census reports, and ethnography has not 
formed an important part of the investigations at the recent enumeration. The 
census staff is, however, brought into close contact with the practical features 
of caste, and it may be of interest to recall some of the impressions regarding 
present day tendencies of caste which the process and the records suggested. 
We found in our operations strong evidence of increasing caste consciousness 
accompanied by intense caste patriotism, caste jealousy and even caste antago¬ 
nism. There is no part of the census operations which excites more interest 
among the enumerators and the general public than the entry of caste and at 
the decennial enumeration occasion is always taken by the leaders of a caste 
t)r sub-caste to press for recognition of social claims. Communal organisation 
has extended and intensified during the decade partly under the influence of 
political rivalry and partly as the result of educational and economic progress, 
and all the principal castes now have their caste “ sabhas '* or associations, 
formed for the purpose of representing and forwarding the rights and claims 
of the caste. With most of these caste sabhas the census came in touch in 
one way or another, through petitions and personal interviews with the caste 
representatives, and a good deal of ingenuity and tact was necessary in order 
to deal in a reasonable way with the pretensions put forward, without hurting 
the feelings of those interested. Now there is no doubt that the effect of this 
intensification of communal feeling is to preserve and increase the forces of 
orthodoxy and tradition. The ambition of each caste is to move upward in the 
social scale and to do this it must cling to the strictest traditions of Hinduism. 
But as it must also close its ranks rigidly to the pretensions of those below it 
the result is to make any movement more difficult for everybody. 
Wealth and culture may occasionally enable individuals to ri.se, but the 
structure of society remains unaffected, and there is certainly in the 
general community no evidence of the loosening of the essential bonds which 
bind an individual caste together and differentiate it from the others. There 
are, of course, exceptions to this generalisation. In the case of Hindus, 
who for any cause are permanently expatriated from their own homes, 
and in the case of small communities of Hindus living practically 
isolated among a people of different traditions there is a distinct tendency to¬ 
wards the relaxation of caste restrictions especially among those of lower castes. 
The Hindus who leave India and make their home in the colonies or Burma 
are mostly drawn from the lowest castes of South India and are only too glad 
to forget their origin and caste traditions in the home of their adoption. In 
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the North-West Frontier Province, where a small number of Hindus and Sikhs 
are surrounded by a large Muhammadan population, caste restrictions, already 
lax, have considerably weakened during the decade. A large proportion of 
them oteerve no restrictions of interdining and there is a strong tendency 
to widen the endogamous groups and narrow down the exogamous circle. 
Again the influence of the Arya Samaj in North India is in favour of a gradual 
loosening of caste orthodoxy, while a great many among the educated profes¬ 
sional classes of the large cities, who have been brought in touch with Western 
civilisation, will willingly abandon orthodoxy to the full extent permitted to 
them l>y their social environment. 

Muhammadans. 

10. The Muhammadans, though they have no racial uniformity—for it has 
been estimated that even in the Punjab only about 15 per cent, are of genuine 
foreign extraction—are by virtue of the distinctive characteristics of their 
religion and culture a more homogeneous community than the Hindus. They 
now number in India 69 million persons, of whom all belong to the Sunni section 
except a small minority, forming about three per cent., who chiefly consist of 
the Borahs and Khojas of Western India and some of the Mappilas of Southern 
India. Islam has drawn into its fold members of practically all the races of 
India, and the community includes more than half of the cultivating classes of 
Bengal, who live side by side with their Hindu neighbours of the same race and 
origin and with the same essentially primitive outlook and superstitions. In 
spite of this racial medley there persists throughout, the various peoples who 
hold the creed of Islam a strong feeling of communal unity, which political 
development in India has of late years done much to foster. 

Sikhs. 

But it is among the smaller communities that the more interesting effects of 
communal feeling have reacted on the census figures. The rapid increase in 
the Sikh community in the last thirty years is specially important. In 1891 
the Sikhs were returned as under two million persons ; the census of 1921 shows 
them as nearly three and a quarter millions. All but 4 per cent, were enumera¬ 
ted in the Punjab and its States, where they form about I2i per cent, of the 
population. The reason of this rapid growth of Sikhism undoubtedly lies in the 
revival among them of a strong communal feeling, and the conversion to 
Sikhism of many of the depressed classes who formerly swelled the ranks of 
Hindus. 

Arya Samaj. 

11. Another small community of considerable interest is the Arya Samaj 
which now counts 468 thousand followers in India. The community has almost 
doubled its nuiubers since 1911, its efforts at proselytism being specially 
successful ammg the lower classes of Hindus to whom it offers a means of 
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raising their status by freeing themselves from the shackles of caste. In this 
respect the Arya Samaj is a distinct rival of Christianity, which makes its appeal 
largely to the same class of the community. But while the Arya Samaj appeals 
rather to those who have some material standing and desire to rise in their own 
community, the Christian missions have more success with those who, having 
no material prospects, see nothing to hope from Hinduism and are ready to 
break with it altogether. 


Christians. 

12. The Christian community now numbers just four and three quarter 
millions of people in India or li per cent, of the population. More than half 
the number are returned from the Madras Presidency and its States. There 
are now two and a half times as many Christians in India as there were in 1881, 
forty years ago. While there has been a steady growth in the churches of 
South India, a more interesting phenomenon peshaps is the mass conversion 
in Assam and Bihar and Orissa. In the Khasi and Jaintia Hills a sixth, and in 
the Lushai Hills over a quarter of the population are now Christians. In the 
former tract the increase is about 32 per cent, in the decade, but in the Lushai 
Hills the spread of Christianity has been phenomenal. In a district of 7,000 
square miles, sparsely populated by less than 100,000 persons, there are now more 
than 27,000 Christians where ten years ago there were only 2,000. Similar mass 
movements have taken place in Bihar and Orissa among the Oraons, Mimdas 
and Kharias. The opening up of Chota Nagpur and the neighbouring country 
in the Central Provinces has brought the tribes in touch with a higher standard 
of life. The effect during the decade was seen partially in a revival of tribal 
communism among the Oraons and later among some of the other tribes, which 
took the form at first of a strong resentment towards foreigners of all descrip¬ 
tions and gave considerable political trouble at one time. The tribes have 
settled down again to a peaceful existence, but how far this growing feeling of 
tribal self-consciousness will affect the spread of Christianity is an interesting 
question. There are two new forces which Christian missions will have to 
recognise, the progressive organisation, both social and political, of the classes 
in the lower grades of Indian society, and the growing interest which is being 
taken in the depressed classes by the leaders of thought in the higher ranks of 
Hinduism. The proselytising efforts of the Arya Samaj are having a distinct 
influence in North India, but the depressed class missions started by more 
orthodox Hindu societies in the south and west of the country have not yet 
reached a stage in which they seriously affect Christian missionary enterprise. 

13. There are two small communities which can be distinguished from 
Indians proper, both by virtue of racial origin, and to a certain extent of an 
individuality of interest and outlook, namely the Anglo-Indian domiciled 
community, numbering 113 thousand, and the Parsis, of whom 102 thousand 
were enumerated. Both these communities, though small, are in important 
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part of the population and have their own interests and problems. The 
Parsis, who are, of course, chiefly inhabitants of the Bombay Presidency, 
though their interests and outlook are now Indian, have preserved their racial 
and cultural traditions. But perhaps owing to the fact that their economic 
condition approaches more nearly to Western than to Asiatic standards, they 
are already subject to the reduction of birtfi rate, which seems inevitably 
associated with high cultural conditions, and unless they can keep their death 
rate correspondingly low are faced with the prospect of an arrest of f^rowth and 
eventually a decline in numbers. 

Occupational Census. 

15. In point of view of interest and importance the statistics of occupation 
are the most valuable of all those obtained at a periodical census. At the same 
time they are undoubtedly the most difficult to collect with accuracy and 
compile with precision. In the first place we must decide whether we desire 
to know the means of subsistence of the whole population or the occupation of 
workers only or both. If we wish to record occupation as well as means of 
subsistence, as has been done since 1901 in India, it is necessary to distinguish 
between workers and dependants, and here we are faced with the first difficulty, 
since a large part of the population, including many women and children, 
contribute by work something to the resources of a household without necessar¬ 
ily being full-time workers. Again a man may have several occupations all 
of which are remunerative. He should obviously be entered under the category 
' which includes his primary or most remunerative occupation, but it is not 
always easy to say which this is, especially in such cases as agricultural 
labour combined with weaving, or fishing with boating and so forth, which form 
the dual occupations of so large a part of the lower classes. The distinctions 
between worker and dependant, and between dual occupations, involve 
subtleties of interpretation which continually give trouble in individual cases, 
and the extent to which the occupations of women and children actually con¬ 
tribute to the income of a family must always be a matter of opinion and give 
rise to inconsistencies in the returns. Having obtained our statistics it is 
necessary to classify them under appropriate categories. Experience shows 
that the Indian statistics are not sufflciently accurate to admit of an extremely 
detailed classification. The scheme used at the present census is the same, with 
some small modifications, as that introduced in 1911 by St Edward Gait, and 
is founded on a classification scheme devised by Bertillon, which has been 
adopted in a modified form for the census of England and of some of the 
dominions. It must, however, be remembered that the occupational statistics 
collected in the census give at best only a general sketch of the functional 
distribution of the people, and are too vague and imperfect to afford any 
detailed comparison in most of the smaller categories with statistics of the past 
or figures of oth^ countries. 
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Functional Distribution. 

16. India is essentially an agricultural country and agriculture proper 
supports 224 millions of persons or 71 per cent, of the population of the Empire. 
If we add the pastoral and hunting occupations the percentage is 73. Industries 
support 10 per cent, of the population, but the bulk of these are unorganised 
industries connected with the supply of personal and household necessities and 
the simple implements of work. Organised industries occupy only i per cent, 
of the people. In trade and transport, on which less than 6 per cent, and 2 
per cent, respectively, depend, a not inconsiderable number are connected with 
the disposal of the various kinds of agricultural products. The administration 
and protection of the country engages less than 5 millions or i J per cent, of 
the population and the remainder are supported by domestic and miscellaneous 
occupations. Though the extent to which agriculture predominates varies in 
different provinces, there is no region in which it does not in some form easily 
take first place. Of industrial workers the largest proportions in the local 
populations are in the Punjab, the United Provinces and in Bombay. The 
industrial occupations are, of course, in India mostly of the cottage industry 
type. In Bombay the development of organised industries is of considerable 
importance, but it is largely confined to a few of the biggest cities. Compared 
with igii agriculturists have increased a little faster than the total population; 
.so also has trade, especially trade in textiles. Industries, however, have 
substantially decreased, the textile workers having dropped considerably. As 
has already been said, however, too much emphasis must not be laid on these 
comparisons. The huge amorphous category of labour," which fluctuates 
between agricultural and industrial employment and is capable of being recorded 
equally under either group, is almost sufficient to turn the scale, where the 
general increase in the population has been so small as in the present decade. But 
there seems to have been a real increase in the number of cultivators in the 
United Provinces at the expense of labour, and the rise in the Punjab is un¬ 
doubtedly due to the extension of the canal irrigation areas. 

Agriculture. 

17. The term " agricultural occupation " includes the owners of land who 
receive rent from the land, the actual cultivators of the land, and the farm and 
field labourers. We distinguish the figures under these various categories, and 
some interesting comparisons can be made between these figures themselves and 
between them and figures obtainable from other official records. For example 
we can illustrate the varying size of landed property in Bengal by calculating 
that the number of cultivators per 100 landlords varies from over 17,000 in the 
Chittagong Hills to 750 in Howrah. Or an even more interesting comparison 
can be made between the number of cultivators (workers) and the acreage 
cultivated. The figures for some of the main provinces show variations between 
1215 acres per 100 cultivators in Bombay to 251 acres in the United Provinces. 
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India is a country of comparatively small holdings, often of the allotment size, 
but cultivated on an extensive system applicable to large areas and under a 
method which, as it utilises to the full neither the energy of the worker nor the 
productivity of the soil, is the reverse of economic. In the British Territory of 
Bengal there is an average of 2^ acres to each agricultural worker including 
cultivator and labourer. It is in such figures that the explanation of the poverty 
of the cultivator lies. The cultivation of such a plot cannot employ a man for 
more than a comparatively small number of days in the year, and even in the 
Punjab Mr. Calvert estimates that the work done by the ordinary cultivator does 
not represent more than 150 days of full labour in 12 months, and that even in 
the occupied days the idea of the Indian cultivator of what constitutes a full 
day's task is well below that prevalent in more progressive countries. If 
Mr. Gandhi could find to occupy the leisure of the cultivator something which 
is not quite so economically hopeless as yam-spinning he would confer a real 
boon on the Indian peasant. Another interesting comparison could be made 
between the number of field labourers and the number of cultivators. For 
example, in Bengal the number of field and farm labourers works out to an aver¬ 
age of one labourer to every 5 cultivators and in Eastern Jiengal to as few as 
one labourer to 8 cultivators. We may contrast the conditions in England and 
Wales, where, according to the census of 1911, there were over 3 hired labourers 
to each farmer and in 1851 before the spread of machinery there were in England 
about 6 labourers to each farmer. In the United Provinces the proportion is 
approximately one labourer to every six cultivators. These figures again 
illustrate the fact that the average holding is usually so small that the cultivation 
of it is not too much for the owner of it himself to accomplish. 

Plantations. 

18. Under agriculture is included also the plantations of special products such 
as tea, coffee, rubber, indigo and so forth, for which we also have figures 
collected on special industrial schedules. According to this census these plan¬ 
tations employ 820,000 persons. The tea garden population of Assam, which 
is drawn largely from the labour reserves of the United Provinces, Central 
Provinces and Bihar and Orissa, has increased in the decade by 35 per cent, 
according to the figures, the actual increase being probably larger. The number 
of gardens has risen from 609 to 795. The tendency at the present time is for 
the gardens to pass out of the hands of private European and Indian owners, and 
for companies with Indian directors to take a much lai^ger share than formerly. 
The spread of the tea industry into the Eastern Hill tracts of Bengal has been 
entirely due to Indian enterprise. We may notice the large proportion of 
women who find work in these tea gardens. In Assam the number of females 
per thousand male workers in the gardens is 910 and in Bengal 1157. These 
proportions contrast favourably with the sex disparity already alluded to in the 
industrial areas of the eastern provinces. There is work also for the children 
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who number about 20 per 100 adults in the lists of workers on the plantations, 
so that the migration of labour from Central India to these plantations is the 
migration of families and not of individuals and forms a much more healthy 
outlet, than the concentration into the industrial areas. 

Industries. 

19. It has for various reasons been impossible to hold in India a census of 
production such as regularly carried out in England, but in order to place at the 
disposal of the administration and of students more detailed statistics regarding 
the ownership, management and personnel of the organised industries of India, 
Sir Edward Gait brought into effect in 1911 a special schedule to be filled up by 
the managers of afi industrial undertakings employing 20 or more persons. 
This special census was extended in 1921 to include undertakings emplo3dng 10 
or more persons and I enlarged this schedule, splitting it into two parts, 
one to cover owners, managers, clerical staff and power used, and the 
other for operatives .skilled and unskilled. Besides the industrial 
enterprises proper this special census was taken in the plantations of 
tea. coffee, indigo, c^c., and in the mines. The total number of all kinds 
of establishments thus enumerated comes to 15,606, employing 2,681,000, of 
whom 123 thousand belong to the directing, supervising and clerical establish¬ 
ment, 724 thousand are skilled workmen, and 1,829,000 are unskilled labourers. 
European companies own the majority of the tea gardens of Assam and Bengal, 
but. as has already been seen, Indian enterprise is growing in regard to private 
ventures. Indigo in Bihar and Orissa, coffee in Madras and rubber in Travan- 
core are mostly in European hands, but the coffee plantations of Mysore are 
largely owned by Indians. Most of the large collieries are held by European 
companies, as also the oil-fields of Burma. The cotton industry of Western 
India is almost entirely Indian, while the jute mills of Bengal are in European 
hands though the smaller presses are mostly owned by Indians. The rice and 
flour mills and the brick and tile factories, with the exception of a few large 
concerns, are in the hands of Indians. Of the total number of persons employed 
in these organised industries 28 per cent, were on plantations, 16 per cent, 
engaged in the cotton industry, 12 \yev cent, in jute and 8 per cent, in coal 
mining. 

Collieries. 

20. The most important coal mines lie in the provinces of Bihar and Orissa 
and Bengal. The Jherria coal-field of Manbhum itself produces over half of 
the total coal output in India. There are now 581 collieries as compared with 
353 in 1911, and the persons employed have increased from 143 to 181 thousand. 
The labour is not so systematically recruited as it is for the tea gardens and is 
usually obtained through contractors. For many miles round the coal-fields 
many of the villages follow a dual occupation, working in the fields in the season 
of planting and harvesting, and cutting coal for the rest of the time. There is 
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as yet no sign of a professional mining population and probably less than 20 
per cent, of the workers are ''settled '* in the sense that they are permanently 
resident in the coal-helds. 

Jute. 

21. The labour population in the textile industries is much more settled. 
The jute industry of Bengal supports nearly half a million persons, according 
to the general census, and actually employs about 310 thousand of these, 
including 52 thousand women and 23 thousand children. The industry is prac¬ 
tically confined to the banks of the Hooghly and measured by the number of 
empires has grown by 42 per cent, during 10 years. The jute industry is 
almost entirely controlled by Europeans and the Bengal mills employ in the 
supervising and clerical staff over 900 Europeans and Anglo-Indians. About 
J of the working population comes from outside Bengal, but it is well housed 
and a good proportion are permanent employes. 

Cotton. 

22. Unlike the jute industry of Bengal, the cotton mills of the west of India 
are almost entirely in the hands of Indians, the number of European textile 
companies in Bombay being only 17 out of 193. There has been considerable 
progress in the cotton industry during the decade, the Bombay figures showing 
an increase in textile establishments from 497 to 566, and in the number of 
operators from igS to 278 thousand persons. The cotton mills provide perma¬ 
nent employment to a more or less settled population and the problems of 
labour are somewhat different to those of Eastern India. They are the problems 
of large cities with a growing proletariat, which has to be properly housed, 
educated and maintained under decent sanitary conditions. 

23. The progress of industrialisation in India and the problems connected 
with industrial labour form a subject of which the census can only touch a fringe. 
I have mentioned a few of the difficulties which the census figures disclose and 
illustrate. Our attempts at an industrial census are necessarily imperfect and 
limited, but it is to be hoped that they will lead to a properly organised census 
of production, which will put at the disposal of students and the administration 
the statistical information necessary for the solution of these problems. 


DISCUSSION. 

The Chairm.\n said that all would agree that the author had dealt in a very 
interesting way with a number of important problems connected with the Indian 
census. On most points he (Sir Edward Gait) found himself in general agreement 
with Mr. Marten's conclusions, and even where this was not altogether the case, 
the apparent difference was probably due largely to the fact that where so much 
ground was covered the necessity for rig»d compression led to the omission of tlie 
requisite qualifications to broad generalisations. For instance, when Mr. Marten 
estimated at 8 per cent, the normal decennial growth of the population of India due 
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to excess of births over deaths, it was evident that he did not mean that this was 
the rate of growth which ought to be expected ; for the average decennial increase 
in the five periods for which statistics were available was only half this figure. 
On three occasions the increase was i J per cent, or less ; once it was 9J per cent., 
and once it was 6J per cent. What the author meant was that 8 per cent, was the 
rate to be expected in a decade free from widespread and severe famine and also 
from exceptional unhealthiness. But even so, the statement required some qualifi¬ 
cation, for the rate of growth in any given period was largely dependent on the age 
distribution of the population, and this varied greatly from time to time. For 
instance, in a severe famine the mortality resulting from insufficient and unwhole¬ 
some food occurred mainty amongst the very young and the very old, many of whom, 
in the ordinary course of events, would have died a few years later. People in the 
prime of life were but little affected. Consequently the period after a famine was 
usually one of exceptionally rapid growth, a high birth rate being accompanied by 
a low death rate due to the premature disappearance of many of the bad lives. 
The change in the age constitution of the population resulting from the great South 
India famine of 1877 thus an important factor in the growth of 9J per cent, 
which took place in the years 1881-91. The famines of 1897 and 1900 had a similar 
effect on the age constitution of the population, and the growth in the period 1901-11 
would probably have been equally great but for the appearance of a new dis¬ 
turbing factor, plague. 

The terrible influenza epidemics of 1918-19, which swept away 12 J million of the 
population, had an equally disturbing effect on the age constitution, but in the 
opposite direction. This disease was especially fatal to people in the prime of 
life, so that at the commencement of the current decade there was an unusually 
low proportion of married women at reproductive ages. Consequently, even if 
there was no unusual mortality meanwhile, he ventured to doubt whether the 
census of 1931 would show a growth equal to the author's “ normal " figure. 

There could be little doubt, however, as to the correctness of the author's con¬ 
clusion that, apart from exceptionally severe and widespread famine, the periodic 
variations in the rate at which the population of India grew depended more on con¬ 
ditions directly affecting the health of the people than on the degree of agricultural 
prosperity. The tendency to lay undue stre.ss on agricultural conditions, from which 
lie (the Chairman) confessed that he had not been altogether free himself, was a 
survival from the time when the staying power of the people was far less than it was 
in the present economic state of India, and when the arrangements for combating 
famine by prompt and effective relief measures were far less perfect than they now 
were. 

They had been told that “ in India as in every other country the most prolific 
portion of the population is at its lowest stratum." This was undoubtedly the case 
in our own country, where the reasons for it were well known. Owing to prudential 
considerations the better classes married much later than the lower, and they 
more often refrained from having more children than they could afford to bring 
up properly. But in India, save amongst a numerically insignificant section, prac¬ 
tically every girl, of all classes, high and low alike, was married by the time she was 
capable of having children, and there was no such thing as birth control. The 
low'est stratum might have a slightly higher birth rate, but he would be inclined 
to think that this was to a great extent neutralised by a higher infantile mortality. 
The statistics as to the size of families which were collected in connexion with the 
last census were tabulated by social classes in two areas only, and in these the results 
seemed to him somewhat inconclusive, though they certainly showed that Brahmans 
had relatively small families. 
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In dealing witli the question of over-population, the author had pointed out that 
in an agricultural country like India the productivity of the land was the prominent 
factor, and had said that there was less congestion in many fertile tracts witli a 
high density than in some barren tracts where the population was very sparse. 
The se^coast division of Travancore afforded a striking instance of a densely 
inhabited agricultural tract which was still growing very rapidly. Although it 
now had a density of 1,266 persons to the square mile, its population had been 
growing during the last 30 years at the extraordinarily high rate of 15 per cent, per 
decade. On the other hand, Soutli Bihar, with 502 persons to the square mile, 
had a smaller population now than it had 40 years ago. 

He had not left himself time to discuss the subject of occupations, but he wished 
just tp draw attention to one point. The census statistics showed the functional 
distribution of the people on the particular day (in the spring) when the census was 
taken. Had it been taken at some other season, say during the main harvest, 
some of the results would have l^en very different—for instance, the jjroportion of 
labourers to cultivators in Bengal would have been far higher than that mentioned 
in the paper. 

Mr. A. Yusuf Ali, C.B.E., late Indian C.S., said he had seen a gradual change in 
the point of view of the Indian census. The earlier censuses were mainly ethnologi¬ 
cal. It was desired in them to find out what the racial basis of the population was, 
and the data which were furnished by the early workers were, he thought, 
as far as the people's traditions were concerned, almost the final data ever 
to be got on the ethnological side. Later the census devoted the main 
part of its attention to sociology—caste and questions of that kind, and on 
that point he did not think the census had had its final word. I'he Chairman, 
in his report on the census of which he was Commissioner, liad given most valuable 
deductions on that subject, and he (the speaker) viewed it with a certain amount of 
disappointment that the later censuses appeared to have considered that chapter of 
the inquiry almost closed. It seemed to him that caste was not stationar3^ It 
had undergone a very great transformation within one's own life and experience, 
and it would probably undergo many more transformations in the immediate future. 
Even where there was a tendency for the growth of caste consciousness or caste 
organisation, there was at the same time, even in the same caste, a tendency to relax 
the old rules and to consider the caste organisation on an entirely different basis. 
Take for instance the Kayasths. 11 would be wrong to call them any longer the writer 
caste. Members of this class were spreading themselves through the entire field 
of literary and professional occupation, and there were now probably quite as many 
lawyers as writers in the caste. It would be well to devote to the sociological field 
a little more intensive study and to bring out the dynamic movements that were 
liansformmg the whole face of Indian society. But the chief interest now seemed 
to be economic or industrial. The paper had given a very clear reason why the 
census of production was very difficult to carry out in connexion with the actual 
census of population ; but there was the example of the penultimate census and of 
the last censils to show how the ordinary population census could be made to 
subserve the purpose of an economic or industrial census. He hoped that the special 
tables which were to be compiled would be extended and that a ratlier more pene¬ 
trating inquiry would be made into the actual production of the country. They all 
knew that at the present moment in India, in the Assembly, various suggestions, 
wise and foolish, were being made for estimating the income of the people. It was 
an economic question, and one would think that ordinarily it would be the last to 
stir up people's passions. Yet it seemed remarkable that people should at the 
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present moment go back to the absurd figure of 23 or 27 rupees as the average yearly 
income of the people in India. He did not think that anybody who had lived, if only for 
a year in India, could question that, even in the lowest grades of labour, 27 rupees a 
year could not represent the income of a person, much less the average income of the 
whole country. It was of some importance that both the Government and the people 
should know how the average income of the people had moved. He did not think 
that in this matter either the Government or the people had anything to be ashamed 
of. It was perfectly clear that the economic standards of India were rising, and 
perhaps they had risen more among the lower classes and the working population 
than the middle classes. The middle classes did not seem to have adapted them¬ 
selves quite to the great social, economical, and political revolution which had taken 
place in India, and the problem of the future would be clearly to distinguish between 
the labouring classes of the country and of the towns, and in the middle classes, 
those who had to work in the management and control of industrial occupations 
and those who represented the professions. Economically an inquiry of that kind 
would lead to very valuable results, and might be helpful in the laying down of a 
strong and useful industrial policy in India. 'Phe question of a C3 versus an Ai 
population was never more urgent than in the India of tt)-day. 

Sir a. Haines, C.S.I., said that as a former labourer in the same vmeyard he wel¬ 
comed the chance of congratulating his successor upon the excellent crop he had got 
from it, under more intense cultivation than it received in earlier years. Time would 
only allow of reference to one main point in the problems discussed, viz., the connex¬ 
ion Mr. Marten had indicated between the population question and the social 
system in India. During the last 30 years or so the most influential factor in the 
rate of growth had been the incidental virulence of the “ positive checks,” in the 
form of epidemics and famine ; the long-distance curve, therefore, was far from 
indicating anything approaching a normal rate, but it sufficed to exhibit the deplor¬ 
able expense of life by which, irrespective of epidemics, even a moderate natural 
increase was maintained. The reduction of this waste, a& had been pointed out in the 
paper, could only be effected by far-reacliing change in the six.ial organisation, and this 
practically meant reform from within of the caste system, the basis of Indian social 
stability. This system had resisted external influence for thousands of years, and, 
in spite of recent changes already mentioned, it remained, in all chief attributes,, 
substantially as it was. Point was thus lent to the need for continuous and careful 
watch over the chronicle and local statistics of caste, by both administrators and 
antfjiopological experts. Caste entered, again, into the suggestion that the very 
irregular distribution of the population might be to some extent equalised by 
migration from the densely-peopled tracts to the vast area still sparsely inhabited.. 
Apart from the question of the distinction between economic density and that merely 
numerical, the uprooting of castes was far more difficult than even the change 
of language and climate, sof that permanent migration on a large scale was only easy 
where, as in the Punjab, the movement consisted chiefly in no more than the expan¬ 
sion over the periphery of a circle. He must stop here, only expressing the gratifica¬ 
tion with which he had listened to a thoughtful exposition of some most difficult 
problems. 

Sir Louis W. Dane, G.C.I.E., C.S.I., said that the Chairman had pointed out how 
extraordinarily^ difficult and indeed, almost impossible, it was to lay down any 
general rate of increase in the population of India from one census -to another. 
In the last census it was more than ordinarily difficult. In the Punjab, two years 



428 JOURNAL OF THE ROYAL SOCIETY OF ARTS. Mar. law. 


before the census was taken, the Province was swept by influenza which was 
similar to pneumonic plague. More than lo per cent, of the population died in a 
year, and, unfortunately, the lo per cent, that died were taken from what might be 
called the younger middle-aged class. If it had not been for that extraordinary 
wave of disease, he thought that instead of no increase there would have been an 
increase of 12 per cent, at least in the Punjab. One point mentioned in the paper 
was the extraordinary increase in the number of Sikhs between the census of 1901 
and that of 1921. The author had correctly put it down to the revival among the 
Sikhs of the strong communal feeling now springing up in India. But there 
was another reason. There were two classes of Sikhs. It would be remembered 
that there were ten spiritual leaders of the Sikhs, and the first nine of these, 
headfd by Guru Nanak, were not Sikhs ia the sense in which people commonly 
used that term. They shaved and smoked, and behav^ in all other 
ways practically as Hindus. It was only when the tenth guru, Govind Singh, 
introduced his special code of laws that the communities of Singhs came into 
existence. Most persons were accustomed to think of the Sikh as a Singh', one who wore 
long hair and did not smoke. Up to the 1911 census there was a great tendency for 
all the Nanakpanti Sikhs or followers of Guru Nanak and the first nine gurus to 
regard themselves as Hindus. The idea that they should show themselves as 
Sikhs sprang up about 1910 or 1911, and a good deal of the increase shown in the last 
census was probably due to there being now an accurate return of tlic two classes 
of Sikhs in the Punjab. This fact also explained a good deal of the trouble which 
liad been agitating the Punjab in connexion with the maintenance of the shrines of 
the gurus. As the first nine gurus were practically Hindus, naturally the custodians 
of the shrines were Hindus, but that was not considered desirable by others of the 
Sikh community. He thought it well to explain that even in the census these 
difficulties of religion occurred. 

The lecturer had pointed out that if due allowance were made for the differences 
in standards of requirements and necessities the Indian cultivator was not as badly 
off as was generally thouglit. He entirely agreed and believed that in .'••ome pro¬ 
vinces he was as well off as the same class in Europe. 

One of the previous speakers in the discussion cast considerable doubt on the 
figure of 27 rupees a year as the average income of an Indian. His own 
experience was that these generalisations were absolutely futile. He had 
constantly found that people dealing with land-revenue settlements would 
make out the most convincing figures, but the extraordinary anomaly 
would be discovered that a district which was supposed not to produce 
enough grain to feed its population had in fact, as shown from the railway 
returns, exported large quantities. He was almost disposed to say that it 
was false to allege that India was a poor country at all. It was not a poor country, 
at any rate, so far as large tracts of it were concerned. He himself was one of the 
first to draw attention to the fact that certainly in Northern India the amount of 
money that was being steadily imported into the country was absolutely phenomenal. 
Between 1909 and 1913 something like four million sovereigns a year were imported 
into the Punjab. At that time the Punjab would not have anything to do with 
notes. The people were accustomed to bury their money in the earth, and when 
they did so they found that notes so buried were often destroyed. During the 
war there was a great boom in note circulation, as the great earnings could not be 
converted in any other way, but now the people had gone back again 
to the same. desire for gold. For the last six months that supposedly poor 
country, IiuUa, had practically been taking between three-fourths and four-fifths 
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of the whole available gold of the world. He thought that the inquiry♦ into the 
economic situation which had been suggested in that discussion would be very 
desirable, and he would be very much surprised if, as a consequence of such inquiry^ 
a great many ideas as to the real poverty of India were not dissipated. He con¬ 
cluded by moving a vote of thanks to Mr. Marten for having written a most 
instructive and learned paper and to Mr. Crosthwaite for reading it to the meeting. 

The motion was carried unanimously. 


*Nutk. —Since the lecture the appointment of a aiitall committee of three, to make a preliminary eronoinic snrvcv 
of the condition of India has been announced. One of the three is Pandit Hari Kishan Kaul, ^.robably the hrst 
provincial Census Commissioner not a member of the I.C.S. He carried out the Punjab Census of 1911, and hi« 
appointment, though regarded as a rash exp<*rimcnt at the time, has been trinmnhantly vindicated.- L.l). 


CORRESPONDENCE. 


' RAYON. 

It was with a great deal of interest that we read your article on the Artificial 
Silk Industry in France, which appeared on pages 161 and 162 of the Journal 
of the Royal Society of Arts of January 2, 1925. 

The growth of the rayon industry, as it is now known in the United States, and 
to which you refer in your article as the artificial silk industry', has, as you state, 
been tremendous in the past ten years, not only in this country, but elsewhere. 

Ever since tlie Federal Trade Commission of the United States was created in 
1914, business men in this country have gradually refrained from the use of mis¬ 
leading terms on their mcrcliandise, and have endeavoured as nearly as it is possible 
to do so, to avoid mislabelling or misrepresenting their goods to the consuming 
public. We have tried also to secure legislation providing for the punishment 
of those misbranding their product, similar to that of the Merchandise Marks Act 
of Great Britain, which is in force in your country. 

This gradual elimination of misleading terms brought about the realisation that 
“ artificial silk ** was not really, in the true sense of the word, silk, but a particular 
and distinctive product containing no genuine product of the silk-worm. In 1923, 
therefore, definite steps were taken to secure a generic term to designate what had 
been known as artificial silk, and after considerable time and energy had been spent 
on the part of many leading organisations in this country, the word " ra}on 
was finally chosen. ' 

This name is fast gaming its particular niche in the hall of textiles, and has been 
adopted, among others, by the following, one of which is an important organisation 
in your country:—Silk Association of Great Britain and Ireland, Inc., National 
Retail Dry Goods Association (U.S.A.), Ohio Retail Dry Goods Association (U.S.A.), 
Boston Better Business Commission (U.S.A.), Associated Advertising Gluts of the 
World, the Viscose Company (U.S.A.), Silk Association of America. 

It is hoped that within a short time Rayon will find its proper place in ths family 
of .textiles throughout the world, with wool, cotton, silk, etc., and that the old custom 
of referring to it as artificial silk will gradually be eliminated. 

Ramsey Peugnet. 

Secretary.. 

The Silk Association of Ameri^, 

354 Fourth Avenue, 

New York. 
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A Short History of Birkbeck College (University of London). By C. 

Dujslb Burns. London : University of London Press, Ltd. 55. net. 

In this volume Mr. Delisle Bums has not only given the history of Birkbeck 
College; he has thrown a curious—almost incredible—light on the manner in which 
popular education was regarded a hundred ye^urs ago. Birkbeck College, or the 
London Mechanics' Institution, as it was originally called, was the outcome of a 
genuine craving among the working classes " for some sort of education. It 
was founded at a meeting held in 1823 at the Crown and Anchor Tavern in the 
Strand. More than two thousand persons were present, among them numbers 
of resectable mechanics. '' A few of those who had come in were excluded as 
drunk, but the rest were serious and enthusiastic. * * Over this meeting Dr. Birkbeck 
—a successful London physician, who was enthusiastic in securing the spread of 
scientific knowledge among those working in trade and industries—was called 
upon to preside. 

It is difficult to conceive the fierce opposition which this laudable movement 
met in certain quarters. Bellas Weekly Messenger, for instance, was horrified 
at the revolutionary idea of education for the workers in industry, and the awful 
effect of mathematics was said to be well known, for “ the unhappy scepticism 
in France has been justly ascribed to this cause.” The Sf. James's Chronicle 
was even more bitterly hostile. ” A scheme more completely adapted for the 
destruction of this empire could not have been invented by the author of evil 
himself than that which the depraved ambition of some men, the vanity of others, 
and the supineness of a third and more important class, has so nearly perfected. 
It :s nothing to the puipose to tell us that Mr. Brougham, or Dr. Birkbeck, or Mr. 
Huskisson cannot design the ruin of the country. Protesting against being under¬ 
stood to' acquiesce in this assumption of the lawyer's, or doctor’s integrity or the 
minister’s wisdor, we say that, whatever their motives may be, every step which 
they take in setting up the labourers as a separate or independent class is a step 
taken, and a long one too, towards that fatal result. Catiline and Caesar had 
different objects, but they pursued their objects by the same means, the severing 
of the lower classes from their superiors, amd this means, as usual, tended to the 
same result. Mr. Brougham wishes, perhaps, for merely political purposes to 
court a noisy mob on his side ; Dr, Birkbeck's motive may be purely professional; 
Mr. Huskisson’s no more than innocently pedantic : they are all three, however, 
scattering the seeds of evil, the extent of which the wisest amongst them cannot 
anticipate.” 

In spite of this opposition the London Mechanics’ Institution not only got 
founded, but soon attracted a large number of students. A year after its birth it 
could boast a roll of 1,300 mechanics, of whom ” nearly 1,000 had paid their 
subscriptions.” The subscriptions, however, were necessarily small, and at first 
lectures and classes were held at Monkswell Street Chapel and at the houses of 
members, but in 1824 a house was secured in Southampton Buildings. This 
continued to be the home of the College until 1885, when the present buildings 
in Fetter Lane were opened by the Prince bf Wales. After certain ups aiid downs 
in its career, the College has continued to flourish until it has now almost outgrown 

present premises. In the quality of its work also, the growth has been equally 
noticeable, and in 1920 the hopes of its friends were realised when the College was 
admitted a School of the University of London in the Faculties of Arts and 
Sdeace. 
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Rice: Its Cultivation and Preparation. By C. K. Douglas, M.I.Mech.E. 

London; Sir Isaac Pitman & Sons, Ltd. 3s. net. 

It is somewhat remarkable that although, less than a year ago, there was no 
book devoted to the important subject of rice, two such works have now been 
published. The Journal of July 4th, 1925, contained a notice of “ Rice,” by 
Professor £. B. Copeland, of the College of Agriculture, University of the Philippines. 
This was an admirable and exhaustive treatise, which dealt with the subject largely 
from the point of view of economic botany. Mr. Douglas’s little volume makes 
no pretence of comparing with the much larger work. It is a text-book suitable 
for the general grower of rice, and for those who take an intelligent interest in the 
great industries of the world. Without going deeply into any particular aspect, it 
gives an admirable conspectus of the whole subject. Few people realise how vast 
the subject is. Rice probably forms the staple diet of the majority of the human 
race, and the normal annual production is estimated at four hundred and forty 
billion pounds. 

Mr. Douglas draws attention to the fact that although the British Empire produces 
nearly forty per cent, of the world's total crop, and Great Britain consumes some 
160,000 tons of finished rice annually, an infinitesimally small proportion is dealt 
with by millers in this country, while nearly forty per cent, is imported from the 
Continent. Half a century ago there were a good many rice mills in London and 
in Liverpool, but the trade has been lost to us because handling and general labour 
charges are lower in certain European ports than in this countr^\ 

Modern Masters of Etching : Anders Zorn. Introduction by Malcolm C. 

Salaman. London: The Studio. 35. net. 

The third volume of this admirable series continues to fulfil the promi«^e of its 
two predecessors. Here we have twelve of Zom*s masterpieces, exceUently 
reproduced. Perhaps the most interesting of them all is the portrait of Ernest 
Renan. At the time when this etching was done Renan was old and almost 
d3dng, and he could only give the artist a sitting of one hour; but it is amazing 
to find what a wealth of character Zom has realised and transferred to his plate 
in this brief space. The work is, as Mr. Salaman says, ** one of the greatest et^ed 
portraits of all time, worthy to stand beside Rembrandt's greatest, and Van Dyck's 
and Whistler's." Two other superb portraits are " Madonna," a beautiful peasant 
woman nursing a baby, and " Mona," a singularly striking and dignified present¬ 
ment of the artist's mother. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced :— 

March 25.— ^Hbnry G. Dowung, Chief Decorative Adviser, Messrs. John Line 
and Sons, " Wall-papers." 

April i.—^William Nunn, late Adviser to the Siame.se Government on Customs 
and Excise, " Siam : its Progress and Possibilities." Byron Brenan, C.M.G., 
will preside. 

April 22.—Cedric Chxvers, ** Bookbinding." J. M. Dent will preside. 

April 29.— ^Lieut.-Colonel Andrew Bailor, C.B., C.M.G., MJ>. (Edin.), 
B.Sc.. D.PJI., F.R.C.P.E., " The Trend of Modem Hygiene." 
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MBBTINOS or OTHBR SOCIETIES 
DURING THE ENSUING WEEK. 


Monday, Makch 33..Geographical Society, 13s. New 
Bon^ Street, W., 8.30 p.m. Mr. F. G. Binney, 
** Aaota North-East Land." 

Victoria Institute, Central Buildings, Westminster. 
S.W. 4.30 pjn. Mr. W. J. Bryan, "Man ana 
the Divine Image." 

Architectural Association, 34. Bedford Square, W.C. 

8 pjBL Mr. C. Marriott, " Architecture in Painting." 
Swiney Lecture, King's College, Strand, W.C. 3.30 pjn. 
Dr. W.T.Goraon," The Gw^i^ History of Plants." 
(Lecture IX.) 

Victoria League, 22, Eccleston Square, S.W. 5 p.m. 

Lt.-CoL H. M. Hole, " Rhodesia." 

BMilcal Engineers Institution of, (Infonnal Meeting), 
7 PJIL Mr. R. Grierson, ** Panel Heating." 

(N. Eastern Centre), at the Mining Institute, Newcastle- 
on-Tyne. 7.15 pjn. Colonel T. F. Purves, "The 
Poet Office and Automatic Telephones." 

University of London, University Collie, Gower 
Street, W.C. 5.30 p.m. Prof. A. E. Richardsoi, 
"Some Famous London Bridges." 
aty of London College. White Street. Moorfields. E.C. 

5.30 pjn. Lecture on " American Trade." 

East 'India Association, Caxton Hall, Westminster, 
S.W. 3.30 pjn. Lieut.-Col. Sir Armine B. Dew, 
" Frontier Problems and Defence." 

XrasoAY, March 24.. Colonial Institute, Hotel Victori.i, 
Northumberland Avenue. W.C. 4 pjn. Mr. C. F. 
Swynnerton, " The Problem of the Tsetse Fly." 
Civil Engineers, Institution of. Great George Street, 
W.C. 6 p.m. Mr. P.W. Robson, "The Large Water- 
Tube Boiler." 

Anthropological Institute, 32, Upper Bedford Place, 
W.C. 8.13 p.m. Sir Aurd Stein, " Innermost 
Asia : its Geography as a Factor in History." 

Rovai Institution, Albemarle Street, W. 3.13 p.m. 

* Prof. A. S. Eddington, " The Internal Constitution 
of the Stars." (Lecture I.) 

Electrical Engineers, Institution of, (Midland Centre), 
Hotd Metropole, King Street, Leeds. 7 pjn. Mr. 
H. W. Clothier, "The Design of Electrical Plant, 
Control Gear and Connections lor Protection Against 
Shock, Fire and Faults." 

g l. Midland Sub-Centre), at the University College, 
ottingham. 6.43 p.m. Major E. I. David, 

" Eleotricity in Mines." 

Browing, Institute of, (Scottish Section), C^aledonian 
SUtion Hot^ Edinburgh. Blr. R. H. Hopkins: 

" Contributioos to our luiowledge of the InflutBice 
of Hydrogen ions in Brewing." 

UnlyaiiCy of London, University College, Gower Street, 
W-C; 3 -30 pjn. ProL A. C. Seward, "Botany." 
(Lecture 11.) 

'WiDmDAY, March 23.. United Service Institution, 
WUtehaD, S.W. 3 pjn. Air Marshal Sir John 
Sa hn o n d , " The Air Force in Iraq." 

W.C. 3.30 pjn. 

Sf* Geological History of 

Plants." (Lecture X.) 

Gorioglcal Society, Burlington House, Piccadilly, 
W. 3,30 pjn. 

Antomobile E n g in eers, Institution of, 244, Deansgate. 
M a nc h es ter, 6.30 pjn. Mr. A. F. Buntall. 

»Expetimente on the Power and Efficiency of a 
High Speed Gas Engine." 

CMJ.Engineeis, Institution of. Great George Street. 
KW. 6 pjn. Joint meeting with other Societies 
yw are co-operating in Heat Engine Trials. Mr. 
W. H. PatchelC"-A Standard Code for Tabulating the 
Results of a Steam-Generating Plant Trial." 


Microscopioal Society, 20, Hanover Square^ W. 7.30 
pjn. (i) Dr. J. A. Murray, (a) " The Making Micro¬ 
scopical Preparations," U>) Imbedding arid Section- 
Cutting. (2) Prof. P. Groom, "The Microscopical 
InvM^tion of Fungal Attacks on Wood." (3) 
Messrs. A. P. H. Trevelli and R. P. Loveland, " The 
Application of Microscopy to the Photo^pbJe 
Inaustry." 

University of London Anthropological Society, at tho 
London School of Kconomics and Political Science, 
Houghton Street. W.C. 4.30 p.m. Mr. H. J. K. 
t Peake, "Anthropology in the Village." 

Thursday, March 36. .Aeronautical Society, at the 
Royal Society op Arts, John Street, Adelphi, 
W.C. 3.30 pjn. Or. Eckener, " Modem Zeppelfo 
Airships." 

Royal Society, Burlington House, Piccadilly, W. 4.30 
pjn. 

Antiquaries, Society of, Burlington House, Piccadilly, 
W. 8.30 p.m. 

Royal Institution, Albemarle Street, W. 3.13 pjn. 
Mr. T. T. Baker, " Chemical and Phj^cm Effects 
of Light." (Lecture I.) § 

Victoria and Albert Museum, South KensingtoiL S.W. 
6 p.m. Mr. H. L. Wellington, "The lonides 
Collection." 

Textile Institute, 33, Bloomsbury Square, W.C. 7 p.m. 
Mr. E. Wigglesworth, " Thread, Twine, Cordage and 
Rope." 

I/>ndon County Council, at the Geffrye Museum, Kings- 
land Road, £. 7.30 p.m. Mr. C. Spooner, " Design 
and Construction of Modem Furniture." 

Mechanical Engineers, Institution of, (Scottish Centre) • 
at the Royal Technical College Gla^ow. 7-30 pm. 
Discussion on " The Second Report of the Marine 
Oil-Engine Trials Ccunmittee." 

Auctioneers* and Estate Agents’ Institute, 29, Lincoln's 
Inn Fields, W.C. 7.30 p.m. (London Junior 
Members’ Meeting). Mr. A. W. Monahan, " Domestic 
Architecture." 

Brewing, Institute of, (N. of England Section), Midland 
Hotel, Manchester. Mr. K. M. Maynard, " Reducing 
Science to Practice in the Brewery." 

Friday March 27..London County Council, at the 
Royal I^ocikty ok Arts, John Street, Adelpl^ W.C. 

, 6 p.m. Lecture on " Modem Movements in Educa¬ 

tion.” 

Ei^ineering Inspection, Institution of, at the Royal 
Society of Arts, John Street, Adelphi, W.C. 7.45 
pjn. 

Rwal Institution, Albemarle Street, W. 9 p,m. Sir 
Ernest Rutherford, " Studies of Atomic Nuclei." 
Sanitary Institute, Town Hall, Leicester. 3.30 p.m. 
Discussion on " Maternity and Child Welfare Work.” 
5.30 p.iiL Mr. F. G. McHugh," Smoke Abatement." 

8 pjn. Popular Lecture by Prof. H. R. Kenwood, 
" Healthy Living and Facts and Fads.” 

Enrineers, Junior Institution of, 30, Victoria Street, 
S.W. 7.30 p.m. Mr. A. P. Morris, " Irrigation 
Engineering in Bunna." 

Mecbank^ Engineers, Institution of, (Informal Meeting), 
Storey's Gate, Westminster, S.W. 7 pjn. Discusaion 
on " The Cutting of Heavy Steel Sections." 

S f. Western Branch), 9, The Temple, Dale Street, 
vwpwl. 7.30 pjn. Joint Meeting with the Liver- 
pool Ei^mecring Society. Dirousskm on "The 
Second Report of the Marine Oil-Engine Trials 


Second Report of the 
Committee." 


-Pfcoto^p^SocW^,33,Ru.«nSq^ jpm. 

Mr. H. Felton, " The Thames." 

EimUrii Goette Society, King's College Strand, W.C. 
8.X3 p.m. Miss £. Purdie," German Influence on the 
L^anr Ballad in England during the Romantic 

a8..Rovai Institution. Albemarle 
ftr^, VL JJP-®. ProL J. H. Ashworui, ** Nervoqa 
Syatem of OUate Protoioa." (Lecture 1.) 

^ HomimaB Muaeum 
Fo^H^ S4. «.3o pjn. Mr. H. N. Milligan 
" Uv^ Animala of the Sea Shoae." . ^ 
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NOTICES. 

NEXT WEEK. 

Wednesday, April ist, at b p.m. (Ordinary Meeting.) William Nunn, 
late Adviser to the Siamese Government on Customs and Excise, “ Siam; 
its Progress and Possibilities.’' Byron Brenan, C.M.G., will preside. 


FIFTEENTH ORDINARY MEETING. 

Wednesday, March i8th, 1925. Mr. J. Dudley Johnstone, President, 
Royal Photographic Society, in the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Antaki, Emile, Fallowfield, Manchester. 

Clarke, Bertrand R., B.A., New York City, U.S.A. 

Goonetillcke, S. A., Wattala, Ceylon. 

Lovibond, Mrs. Frances Elizabeth, Salisbury. 

Rickerby, John, Gateshead. 

The following candidates were duly elected Fellows of the Society:— 
Crerar, Lieut.-Colonel Robert, O.B.E., Enfield, Middlesex. 

Crossland, Ernest Milling, Manchester. 

Deanesly, Henry, Terenure, Co. Dublin. 

Harding, A. Leigh, Wallington, Surrey. 

Landrum, W. W., D.D., Russellville, Kentucky, U.S.A. 

Mew, Henry Bertram, Huntingdon. 

Niels n, Harald, London. 

Rogers, Robert, Southampton. 

Whitaker, Major CJeorge Cecil, London. 

Whitaker, Mrs. Margaret, London. 

Woodbury, Edward Berkeley C luriton, London. 

A paper on " The Friese-Greene Process of Colour Cinematography " was 
read by Mr. Claude H. Friese-Greene. 

The paper and discussion will be published in,a subsequent nuniber ot tte 
Jpurntd. 
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REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on " Modem Colour Problems," by Louis C. Martin, 
D.Sc,, A.R.C.S., D.I.C., F.R.A.S., Lecturer in the Department of Optical 
Engineering and Applied Optics, Imperial College of Science and Technology, 
have been reprinted from the Journal, and the pamphlet (price 2s.) can be 
obtained from the Secretary, Royal Society of Arts, John Street, Adelphi, 
W.C. 2. 

A full list of the lectures which have been published separately and are still 
on can also be obtained on application. 


PROCEEDINGS OF THE SOCIETY. 

ELEVENTH ORDINARY MEETING. 

Wednesday, February i8th, 1925. 

Sir Napier Shaw, LL.D., Sc.D., F.R.S., in the Chair. 

The Chairman, in introducing Dr. Owens, said the lecture dealt with a subject 
which was of interest to everybody, and one which had been deeply impressed 
upon people by the recent vagaries of the atmosphere. Since 1912 the matter 
had been under investigation by a Committee appointed by an International 
Conference, of which Committee Dr. Owens had been Secretary and the moving 
spirit from the beginning. In relation to its opportunities it had been more 
productive than any other Committee with which he had been associated. 
Dr. Owens possessed an extraordinary qualilication for dealing with the subject of 
atmospheric pollution, in that he was both a Doctor of Medicine and a consulting 
engineer. He doubted whether a similar combination could be found in the whole 
of the Medical Register, or in the list of members of the Institution of Civil Engineers; 
and when one thought of it, that was exactly the combination which was required 
in order to get a successful line of attack upon the problem of atmospheric pollution. 

The paper read was :— 

MODERN ATMOSPHERIC CONDITIONS, 

With Special Reference to London. 

By Dr. J. S. Owens, M.D., Assoc.M.Inst.C.E., F.G.S., 
Superintendent, Advisory Committee on Atmospheric Pollution, Air Ministry,. 

Meteorological Office. 

In prehistoric times our ancestors made thdr fires of wood; they were little 
troubled by pollution of the air as, living in small isolated communities of 
a few huts, smoke mattered little to them provided it got out of the hut. There 
were not a great number of fires and the wind soon cleared away their smoke. 

In later times, that is, sometime before 852 A.D., coal began to come into 
use, and there are records of coal mining in the books of the Bishop.of Durham 
in 1x80 A.p. We have the smoke nuisance well established in 1257 
remains until the present day. So far as smoke production from domestic 
coal fires is concerned, the primitive methods of our ancestors also survive. 
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The evil of atmospheric pollution has crept on us almost unawares, with the 
increase in the use of raw coal. The gradual growth of population and collection 
of people into monstrous cities have gone on until now the number of fires 
concentrated in small areas is so great that the air over our cities is like the 
inside of a huge chimney. 

In the early Norman era the fires were made in holes in the middle of the 
huts, which were of wood ; it was only in the massive walls of castles that such 
luxuries as chimneys could be built. 

There were holes in the roofs of the huts of the common people to let out the 
smoke. We, being more enlightened, insist on chimneys to carry the smoke 
outside the houses, but what happens to it then we leave to Providence ; and 
so it often comes back again through doors and windows dignified, when dense 
enough, by the name in the city of “ London Particular." 

There are two fundamental causes for the existing state of affairs ; the first— 
already mentioned—the collection of people into enormous cities, while the 
second arises from the existence in our country of immense beds of soft, smoky 
coal. 

It is very difficult to get a true view of the condition of affairs which has come 
into existence so gradually; hence it is only by an effort that we can appreciate 
the present appalling state of the atmosphere in our cities. Indeed, it is usually 
necessary to compare them with cities of other countries more fortunately 
situated or in which greater care is taken of the air the inhabitants have to- 
breathe and live in, before we can appreciate the state we have arrived at. 

To get a true insight into our modem atmospheric conditions it was necessary 
to devise methods of examination, and in 1912 a "Committee for the Investiga¬ 
tion of Atmospheric Pollution " was formed as a result of a resolution which 
the author had the honour of proposing at the International Smoke Abatement 
Exhibition in London. 

Measurements of atmospheric impurities had already been made in a few 
places : W. J. Russell in London, 1885^; Cohen in Leeds, 1897*^ ; Irwin in 
Manchester, 1902®; Harris in Glasgow, 1906; Cohen in Leeds, 1907-08^; 
Des Voeux and Owens with the " Lancet " 1910-11® ; while the great work of 
Aitken in connexion with condensation nuclei, often incorrectly called dust, 
is well known. 

There was, however, a need for more systematic examination of atmospheric 
conditions and some of the methods used by the Advisory Committee on 
Atmospheric Pollution, and the results will now be briefly described. The 
Conunittee has accumulated a vast amount of data on the quantity and nature 

1 Monthly Weather Report, August 1885. 

2 Journal of Society of Chemical Industry, 1897. 

3 Journal of Society of Chemical Industry, 1902. 

4 ^hen and Ruston. Smoke—A Study of Town Air. 

5 I.ancet. Sootfali of London. January 6th, 1912. 
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of impurity in diffcr^^nt places. Nine Annual Reports have been published 
dealing with about forty different stations. 

Dep6sit from the Air. 

As this was the easiest thing to measure and promised valuable information 
it was tackled first and a standard deposit gauge evolved. This was simply 
a form of magnified rain gauge in which all matters deposited were caught and 
transferred to bottles underneath. The deposit was collected monthly, 
weighed and divided into insoluble and soluble matter; the former was then 
divided into tar, insoluble carbonaceous and ash, while the soluble matter 
was divided into loss on ignition and ash. A further analysis was made of the 
soluble matter into sulphates, chlorine and ammonia. 

Table i shows the nature of the deposit from the air at a few selected stations. 
The figures are mean monthly deposit in tons per square mile, so that the annual 
deposit would be twelve times as much. 

You will note that the total mean monthly deposit varies from 78.77 at one 
station to 4.65 at another. The carbonaceous or sooty matter is mainly smoke, 
but includes vegetable dust, while the tarry matter is entirely a product of 
smoke. It is this which gives the sticky quality to the deposited impurity in 
our cities. Domestic smoke shows anything from 20% to 40% of tar, while 
factory smoke has usually under 1% ; thus the percentage of tar in the deposit 
gives an indication of the proportion of domestic to factory smoke, but it is 
not a very safe guide. The corrosive quality of the deposit is due mainly to 
the sulphur, and you will observe that there appears to be almost an inverse 
relation between the amount of sulphur and the amount of total deposit. 
This will be referred to later. 

In Table 2 figures are given for London and Glasgow, showing the deposit 
from 1915 to 1924. This illustrates the great improvement in the condition of 
the air in both these cities which has resulted since 1915. The deposit in London 
in 1924 was only 59% of that in 1916, while in Glasgow the deposit in 1924 was 
66% of that in 1916. The sooty matter and the tar are the parts of the deposit 
which make London and many other cities so gloomy to look upon, while the 
sulphur is the corrosiye agent which attacks our buildings, rotting the stone and 
corroding the metal work. 

Rain and Deposit. 

It has been thought by some that the amount of deposit trapped depended 
upon the rainfall; therefore a careful investigation of this was made when 
sufficient data were in hand. The deposit for a group of stations was plotted 
against the rainfall for the year ending 31 March, 1919. When this was done a 
somewhat curious result was obtained:—^While the deposit of insoluble matter 
showed no relation whatever to the rainfall, that of soluble matter showed a 
definite and almost direct relation, a greater amount of soluble matter coming 
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down with the heavier rainfall. Calling the rainfall in millimetres R and the 
soluble deposit in tons per square kilometre S, the relation was given fairly well 
by the expression :— 

5 = 0.069R + 2 

Another group of nine stations over a period of four years showed the 
relation:— 

5 = 0.081R -f* ^-5 

The inference apparently is, that while we may expect a smaU and fairly 
constant deposit of soluble matter during the dry weather this is rapidly 
increased by rainfall. Remembering that condensation in the atmosphere 
occurs on nuclei it is practically certain that it will exercise a selective action 
by picking out the soluble matter, especially if hygroscopic, while leaving the 
sooty or tarry matter, which is non-hygroscopic. Thus the above result is not 
an unexpected one. 

Of course, the deposit of soluble matter could not go on increasing indefinitely 
with the rainfall, as the supply would run out; but judging from the above 
results there is a sufficient supply for all ordinary rainfall in this country. 

Suspended Matter—Automatic Recorder. 

Having measured the deposit this told us nothing of the impurity remaining 
in suspension; therefore a method of measuring this was evolved. Briefly, 
it consists of an automatic instrument which filters two litres of air at intervals 
through white filter paper, the resulting discoloured spot being used as a 
measure of the quantity of impurity. The method is quite satisfactory for city 
air where the impurity is black, and some very interesting results have been 
obtained. As these have been described fully elsewhere they will be referred 
to only very shortly here. When an hourly average for a number of da)^ in 
London is taken the concentration of suspended matter is found to go through 
a fairly regular cycle of variations, apart from days in which there is a dense 
smoke fog or haze, Fig. 2. Starting from midnight the air is comparatively pure 
until about 5 a.m., when the impurity commences to increase slowly. At about 
7 a.m. on weekdays it begins to rise rapidly reaching a maximum in the forenoon, 
somewhere about 10 o'clock, depending upon the time of the year. It then, 
begins to fall steadily again until about 6 o'clock in the afternoon, when there is 
a slight rise, followed by another fall to midnight. This is repeated day after 
day with little variation except on Sundays, when the maximum in the forenoon 
is delayed about an hour. By plotting a curve of impurity on a time base the 
area under the curve represents the quantity produced during the day, and by 
comparing the areas of Sunday with weekday curves we get a good idea of the 
relative amount of domestic and industrial smoke. The relation for 
Westminster and South Kensington obtained thus is about i industrial to 
2I domestic. It is quite different in other cities and no general inference can 
be drawn from these figures. In making such an estimate it was necessary 
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toTexclude all days on which there was an abnormal quantity of impurity present 
due to banking up. 

To illustrate the information given by curves of impurity plotted from the 
results of this instrument we may refer to a few cases :— 

In Glasgow the distribution was very similar to London except that the falling 
off in the afternoon on weekdays was not so well marked and the lag of one hour 
in the Sunday maximum was more definite. 

Curves for Blackburn prepared from 269 days show an hourly distribution 
somewhat similar to other cities but with marked peculiarities. The rapid rise 
in^the mornings begins in the summer about 4 a.m., and reaches its maximum 
on weekdays and Saturdays at 7 a.m., while on Sundays the maximum is 
delayed until about lo a.m. This suggests a good long spell off on Sundays but 
very early rising on weekdays. Again, there is a curious second maximum bn 
weekdays and Saturdays between 10 and 12 in the forenoon, but there is no 
second maximum on the Sunday curves. This points to industrial smoke as 
the cause of the first maximum. Further support is given by the fact that the 
second maximum is higher than the first on winter weekdays, while in the 
summer the first is higher than the second, the domestic fires being out of use 
in the summer. 

Records from Stoke-on-Trent show a very curious distribution. While there 
is the same rise about 4 a.m. on weekdays and 5 a.m. on Sundays, on summer 
weekdays the maximum is reached between 7 and 8, but on the winter weekdays 
it is delayed until between 8 and 9 o’clock ; also on Sundays in the winter the 
maximum is not reached until about mid-day. In the afternoon the impurity 
is maintained at a high level during the whole period with remarkable oscilla¬ 
tions, and the amount of impurity on Sundays is very little less than on week¬ 
days. In Stoke the pottery ovens no doubt govern the quantity of smoke, 
and they are not operated with the same regularity as, for example, boiler 
furnaces. A curious thing observed in the Stoke curves was that the Saturday 
forenoon maximum was the highest of all, and on enquiry the author was 
informed that there was a custom of lighting ovens on Friday night or Saturday 
morning. 

Daily Incidence. 

Passing now to the daily incidence of suspended impurity it is found that there 
is a general tendency for the quantity of impurity in the air to diminish towards 
the end of the week and have its maximum towards the beginning. For some 
curious reason there appears to be a maximum number of smoke fogs in London 
on Wednesdays, with a minimum on Saturdays. 

Suspended Matter—Dust Counter. 

Tbe filter method does not admit pf microscopic examination of the suspended 
Impurity,, nor is it applical?le to impurity pther than smoke, except with special 
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coloured paper. For these reasons another instrument was evolved by which 
a sample of suspended dust could be obtained under such conditions as to 
admit of counting the dust particles and examining them microscopically 
or microchemically. The instrument has been fully described elsewhere.*' 

In it a ribbon shaped jet of air is caused to strike a microscope cover glass 
at such a high velocity that there is an adiabatic expansion of the air in the jet, 
with accompanying cooling and condensation of water if present. This water 
acts as an adhesive when the jet strikes the cover glass, and the dust particles 
impinging remain upon the glass as a linear trace. The condensed water re¬ 
evaporates as the air flows away sideways with a lower velocity. To make sure 
that there is always sufficient water to condense, the approach to the jet is 
through a chamber the walls of which are lined with damp blotting paper. 

By the aid of this the number of dust particles suspended per cubic centi¬ 
metre can be counted and the particles themselves examined as to size, nature, 
shape and so on. Much curious information is given from the examination of 
records obtained in this way; for example, the author obtained in Norfolk 
records from the wind which had blown across the North Sea. 
These contained up to 200 particles of dust per cubic centimetre. 

Again, dust records taken outside Spurn Head on September nth, 1922, 
showed 140 dust particles per cubic centimetre, while on the same day in Hull 
there were 13,800. In London the number of particles per cubic centimetre 
during a thick smoke haze or fog rises to 80,000 or 100,000 per c.c., while during 
an ordinary winter day the number is usually about 4,000 or 5,000. The 
particles of soot which form this haze in London are usually not over i micron 
in diameter, the average size being about 0.7 to 0.8 micron. They are usually 
irregular in shape but sometimes the author has found that they were nearly all 
kidney shaped for some strange reason. In addition to the particles of soot 
there are nearly always a small number of perfectly spherical glassy-looking 
particles. These are sometimes clear, sometimes coloured yellow or red, and 
are doubtless mainly derived from the fused’ash from fires. They are usually 
from a little over i micron in diameter down. 

When a smoke haze in London is very dense the diameter of the particles 
composing it is found to be greater than during less dense haze, rising to a 
maximum of about 2 microns. It would appear that the rate at whicli the 
smoke collects is too great for the usual grading by settlement to take place. 

Sometimes mould cells are found; these were discovered in great niimbeis 
in the autumn when the leaves were falling. It was inferred that the d^ 
leaves provided suitable material for moulds to grow upon, and cells identical 
with those foimd in the air were obtained from a few dead leaves kept in a damp 
box over a slide. 

There is another method of using this instrument which can give additional 

6 Proc. Roy. Soc. Vol: loi. A. 1922, and 8th Annual Report Advisory Conunittee. 
on Atfloospheric Pollution. 
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information. When the damping chamber is held in the hand so as to vaporise 
A little more water than usual, and a heavy record is made by drawing a large 
volume of air through the jet, stream beds are found on the sides of the dust 
trace where the excess water has been blown sideways, and in the dried-up heads 
of these stream beds the soluble matter from the dust is often found in the form 
of crystals. It is not always easy to identify these crystals as they are usually 
■excessively small and mixed with other materials. 

Again, by taking dust records upon prepared cover glasses having some 
suitable chemical indicator, such as methyl orange, distributed over the surface 
in fi|ie crystals the condition of the dust as to acidity or alkalinity can be 
ascertained by the change in shape of the indicator crystals. 

Special Dust Records. 

A record taken in Algarve in the south of Portugal during a light, bluish 
haze, was found to cpnsist entirely of crystals of common salt. Only one other 
similar record has been obtained by the author and that was last August in the 
mouth of the St. I^wrence River. There was a white haze and this was found 
also to consist almost entirely of salt crystals. 

Three records were taken on July 28th last, in mid-Atlantic, with precautions 
to avoid dust from the ship, and on none of these was any dust found. A 
fourth record taken about the same time showed a few crystals. There had 
been a fog off and on all day ])ut at the time of taking the record it was clear. 

On July 30th also, mid-Atlantic records were again taken during a slight mist 
with wind from north-west. These showed a few crystals, probably of common 
salt, and some yellowish needle-shaped crystals, but no dust particles. 

While crossing Lake Ontario on August 5th last, a haze similar in appearance 
to that found at the mouth of the St. Lawrence was observed, but this was 
composed of ordinary dust or smoke particles, about 180 per cubic 
centimetre, with a few needle-shaped and other crystals, doubtless smoke from 
the cities round the Lake and the Lake steamers. 

Observations made last summer in the Sud Express on the journey from 
Paris to Madrid showed 13,000 particles of dust per cubic centimetre, no doubt 
smoke from the engine and dust from the interior of the carriages. 

In Madrid the dust traces were found to be quite different from those in 
London and other English cities. There was evidence of a fair number of smoke 
pai^cles. The count gave about 420 per cubic centimetre at 9 o'clock in the 
mpjrning, rising to 2,500 per cubic centimetre at 7.20 p.m., but the increase in 
the number was evidently due to dust from the ground, as the particles were 
moptiy large and irregular in shape, with a diameter from 2 to 5 microns. 

Other observations will be referred to later, but these are intended to give 
:SOfpe^ idi^ of the nature of the results obtained. 

We wQi now. consider the London atmosphere in particular although it may 
be t^en typical of large cities where a considerable amount of smoky coal 
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as burnt without any special efEort to reduce the smoke emitted, at least from 
domestic fires. 

The Atmosphere of London. 

Let us compare the London atmosphere with what it ought to be:—^The 
air should be clean and transparent. If it is not transparent the sunlight can¬ 
not penetrate effectively and we know that something like 50% of the sunshine 
which London ought to get is cut off by its smoke pall. Similarly it has been 
shown by the Department of Applied Physics of the Medical Research Council 
that a large proportion of the ultra-violet radiation from the sun is also cut off. 
We will not discuss, the importance of sunlight and more particularly of the 
ultra violet radiation ; it is beyond question one of the essentials for health. 

Instead of the air being clean it is turbid and full of suspended impurity. 
We should object to drinking turbid water but we do not seem to worry much 
over breathing turbid air; probably because we have got more or less used to 
it. 

The air of London during a smoke fog contains countless millions of particles 
of soot and even on any winter’s day is sufficiently heavily laden with impurity. 
So far from being clean it is contaminated with sulphur and with tarry matters, 
and when the conditions are such that a smoke fog settles over the city the 
amount of sulphur in the air rises rapidly until it exceeds four or five times the 
quantity in ordinary fine weather. The same applies to carbbn dioxide; 
during a fog it rises from the normal of about three parts in ten thousand to 
thirteen or fourteen parts. 

It is very evident, therefore, that we have in London an atmosphere which 
cannot be regarded as reasonably clean. The colour of our buildings is a good 
indication of the state of the air. 

We may ask why it is that sometimes the smoke collects in an inunense cloud 
over the city or down in the streets, and we get a typical London smoke fog, 
while at others the air, for London, is comparatively clear. London bums 
something like seventeen million tons of coal per annum, and, at least in the 
winter, the production of smoke does not vary much from day to day, so that 
we have thus a condition in which a steady production of smoke with little 
variation in its quantity results sometimes in a moderately clean air, while at 
others the city is enveloped in a thick doud of smoke. 

London Fog. 

It is necessary here to consider for a moment the meaning we are to attach 
to the word "fog,*’ as there is much misconception arising from its use in 
different senses. 

To meteorologists and sailors fog is a word applied to the condition wheii 
condensed water in theiorm of suspended globules in the air hinders good seeing. 
This is practically always due to cooling of the air below its dew pointy sd that 
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some of the water held in the form of vapour is condensed. The ciskuse of such 
cooling is for our present purpose unimportant. For such condensation to 
take place suitable nuclei for the molecules of water to collect around must be 
available, but these nuclei need not be dust particles in the ordinary sense of 
the word. The question of the influence of the nature of the nucleus upon the 
formation of fog is a somewhat recondite one., There is no doubt that if these 
nuclei consist of hygroscopic particles, such, for example, as sea salt or sulphuric 
anhydride, condensation will begin earlier than it otherwise would. Leaving 
this aspect, however, for the present, the point to observe is that fog in this sense 
consists practically of pure water and its formation depends primarily upon the 
cooliii^ of air below its saturation point. 

There is, however, another meaning and a more general one attached to the 
word, and that is any condition of the air in which numbers of suspended particles 
of any kind obscure vision. Thus we have the commonly used expression in 
London "a smoke fog." This use of the word in different senses is misleading, 
and it would be better if all obscurity due to suspended solid matter were 
referred to as haze, leaving the word " fog " to apply solely to the variety due 
to condensed water. 

Now it is evident that if we talk of a London fog we are using an expression 
capable of several meanings and in this way much misconception arises as to 
causation and prevention of these phenomena. An attempt to explain London 
fogs as arising in the same general way and from the same causes, as, for example, 
sea fogs, is, in my opinion, incorrect, but the reason why such attempts are 
made is not far to seek since it is a remarkable coincidence that the presence of 
a thick fog of water particles over the country is usually accompanied by a 
thick smoke haze over London. Although this is true the conditions responsible 
for the country fog operate in a totally different way in bringing about a smoke 
haze. The importance of this in connexion with the London atmosphere will 
be apparent when we consider the effect of temperature:—Condensation fogs 
do not usually occur in cities when the temperature is over 40® F., and the wind 
over 2 miles an hour. With a slow drift of air over a city like London combined 
with the burning of enormous quantities of coalitcan be shown that the tempexa- 
turc of the air over the city is likely to be raised several degreesabove that in the 
surrounding country. In the observations made during a special fog enquiry 
in the winter of 1902-03 by Mr. Lempfert,^ it was shown that there were great 
variations in temperature over the city, and maps produced in his report showed, 
in all cases a tendency for a higher temperature in the city than the surrounding 
country; for example, on March nth, 1903, the temperature was 40® F. near 
St. Paul's, while at Wandsworth it was 32°F. Again, on November i3th, 
1902, at 9 a.m., there were high temperature areas between 45® F., and 49® F. 
over the dty, while on the south-west, the direction from which the wind was 
coming, the temperature was 33® F. at Kew. At 5 a.m. on the same day there 
f London Report bf Meteorological Council, Official No. x 6 o* 
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was an area varying from 46® F. to 48® F. over the dty, while the temperature 
at Kew was 32® F. 

The importance of this is seen when we remember thata water fog existing in a 
temperature of, say, 35® F. may be completely cleared by simply raising the 
temperature to 45® F. Saturated water vapour at 35® F. contains 2.366 grains 
per cubic foot, while at 45® F. it contains 3.414 grains; thus the water represen¬ 
ted by the difference of these two figures may exist as suspended particles at 
35® F. and be revaporised at 45®F. 

We should therefore expect less fog oj the water variety over London than 
over the surrounding country, and if we do not supply quantities of smoke to 
take the place of the water it may be taken that during widespread fogs over the 
surrounding country London would enjoy a clearer atmosphere. 

Cause of Smoke Fogs. 

Why does smoke collect during such fogs ? The chief factor controlling this 
is the wind. When the wind drops to one or two miles an hour or a dead calm 
the smoke cannot get away. Therefore it is dammed up and collects in a pall 
over the city. Again, during widespread water fog there is always an inversion 
of the vertical temjxjrature gradient so that instead of falling at a regular rate 
as the height above ground increases the temperature may begin to rise ^ain 
at some height above ground. For example, during the fogs of December loth 
and iith last, observations at Kew Observatory® showed that on December loth 
the temperature from the ground to about 300 feet was under 35® F., but 
between 300 and 400 feet, about the top of the fog, it jumped to over 45® F. 
Again, on December nth, the temperature was a little over 30® F. up to about 
600 feet to 700 feet, but then rose rapidly until about 700 it was just under 
45" F. 

Under these conditions the smoke rising from London cannot get above the 
level of the inversion. Thus we have two factors operating together:—The 
wind fails to carry the smoke away while the inversion of the lapse rate prevents 
its escape upwards, with the result that it all collects and we have our familiar 
experience of a “ London Particular." It is worth observing that during a 
thick smoke haze in London and assumingan upper limitof 300 to 400 feet, there 
would be something like 200 to 250 tons of soot suspended over London, 
Further, and this is important, the whole of this soot can be produced in about 
three hours by the fires lighted on a winter's morning. Thus, if Nature's 
provision for scavenging fails for a few hours there is ample material for a dense 
smoke haze. 

The popular conception of such a condition in London is that there must first 
be a water fog, and that the globules of water are condensed aroimd smoke 
particles, while the outer surface of such globules becomes coated with a film of 
tarry oil, which is supposed to account for their failure to disappear by 
8 Meteorological Magazine. January,^19251 
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evaporation, although the air may not be saturated. This, the author believeSr 
is an entire misconception, and therefore the following is put forward as a more 
satisfactory explanation and more in accordance with the facts. This is to the 
effect that the "London Particular" is caused by a more or less complete 
replacement of water particles by smoke particles, the water droplets being 
partially evaporated and their place taken by smoke. In support of this, which, 
being a new theory, therefore requires some support, the following observations 
are submitted:— 

{a) The author has several times found that in the country near Cheam, 
where he lives, a thick fog existed with a limit of visibility of 50 to 70 yards, 
and 1 comparatively small number of dust particles. On going to London the 
limit of visibility has, however, practically always increased up to perhaps 100 
yards, while the number of smoke particles has also increased very greatly. 
Thus we have an improvement of visibility accompanying an increase in the 
number of suspended soot particles. This can only arise from a reduction 
in the number of suspended water particles. 

(ft) A record taken at Cheam on December nth, with the dust counter 
already described, gave a count of about 4,000 to 5,000 soot particles per cubic 
centimetre of air. The record is formed on a cover glass by the impact of a 
ribbon-shaped jet of air and consists of a linear trace of dust. In the case 
referred to the dust trace showed numbers of lateral streams carried out from 
the side of the trace, due to the large amount of water present. On going to 
London, a second record was taken and the number of dust particles found then 
was approximately 27,000 per cubic centimetre, while there were no streams 
blown out from the side. Here then is evidence that the fog in the country 
contained a comparatively small amount of dust, but a large number of water 
particles, while in London there were fewer water particles and a large amount 
of dust or soot. 

(c) When the sun is observed through a London Particular," if visible at all,, 
it appears as a red ball. The red colour is due to the scattering of light of short 
wave length at the violet end of the spectrum, while the red rays penetrate; but 
to scatter blue or violet light the suspended particles must not be more than 
about one-half of a micron in diameter, whereas the drops of condensed water 
in a fog are usually over 2 microns in diameter.^ On the other hand the sus¬ 
pended particles of smoke found in the air usually average from 0.5 to 0.8 micron 
in diameter down. 

It is evident therefore that the red sun must be due to these and would not 
appear if they were absorbed as nuclei for water drops. 

(d) It is found that the parks in London often have a dense fog while in the 
atfeets and built-over part it is/much less dense. 

9 C. Bams. "Atmospheric Nucleation." Smithsonian Contributions to Knowledge. 
Vol. 34. 
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All these points indicate that the true explanation is as already suggested, 
that is, in London the water fog is partially evaporated by the higher 
temperature but its place is taken by smoke. 

The bearing of all this upon prevention is evident, since one is 
driven to the conclusion that if smoke were not supplied to take the place 
of the water London would be more free from fog than its surroundings. 
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The accompanying graph (Fig. i), reproduced from ** Nature 15. 12. 23. 
shows the quantity of suspended matter in the air of London during the dense 
fog of November'25th to 27th, 1923. It is important to observe the periodic 
rise and fall of the quantity of impurity. From Saturday till Tuesday the 
density got gradually worse, but made its peak of maximum intensity each day 
about mid-day, falling again to a minimum in the early morning. Compare 
this with a record of suspended impurity during ordinary winter days, such as 
shown in Fig. 2, for Westminster. Here we have the same period of minimum 
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impurity in the early hours of the morning, the same maximum about mid-day 
and the same afternoon fall; the only difference is that during smoke fogs the 
conditions with regard to impurity become gradually worse, the smoke being 
prevented from escaping by failure of the ventilation over the city. 

Wind. 

Turning now to the effect of wind :—If we consider an ideal case of a single 
chimney emitting smoke into a stream line wind and if the concentration 
of the smoke be measured at a point down wind, it is evident that it will vary 
inversely as the wind velocity. If the wind is blowing at four miles an hour 
then one hour's smoke will be stretched over four miles. If it is blowing at 
one mile an hour the same amount of smoke will be stretched over one mile. 
Thus ill the latter case it will be four times as dense. This is, of course, an 
ideal case, but servos to illustrate the profound effect the wind must have. In 
addition to the stretching out of the smoke down wind there is also a lateral 
spread and a spread in a vertical plane due to turbulence. We should, therefore, 
expect the smoke concentration to be some function of the wind velocity, 
assuming that the rate of production remained constant, and in order to 
examine this a curve has been prepared from records taken by an automatic 
instrument at Westminster duiingfour winters and wind velocities at Kew, 
supplied by the Meteorological Office. The concentration of impurity is 
plotted as ordinates over the wind velocity as abscissae. This is shown in Fig. 
3 and it is very remarkable. 



It is necessary to realise that it was only by the use of a large number of 
observations the irregularities became smoothed out. The point of observation, 
being at Westminster, was fairly centrally situated in the city; thus there was a 
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large smoke-producing area on all sides, and, although not strictly correct, it 
was assumed that the amount of smoke produced in all directions round that 
point was the same. By making this assumption the effect of wind direction 
was eliminated, and although not strictly true it probably did not introduce 
any very serious error. Again, the quantities plotted for both wind velocities 
and impurity were averages for each day, and in connexion with the impurity 
figures it is to be noted that errors were probably also introduced by neglecting 
the lag in establishing steady conditions. For example, during very light 
winds the time required for smoke from the furthest points to reach the place 
of observation would be greater than during winds of greater velocity. Thus 
it is to be expected that the plotted points for low wind velocity would be 
somewhat more erratic than with the higher velocities. 

Turning now to the figure, the curve drawn through the plotted points is 
not an attempt to draw a fair line through them but is a definite mathematical 
curve, the equation of which is :— 

0.55 

I = - -f- 0.27 

V 

I being the concentration of impurity in milligrammes per cubic metre and V 
the velocity of the wind in metres per second. 

The remarkable thing about this curve is that it indicates a variation of 
concentration inversely as the velocity of the wind and not as some higher 
power of the velocity. To understand how this can be it must be remembered 
that the point of observation was in the middle of a large area acting as a source 
of smoke. Thus the lateral spread of the smoke with the wind was practically 
eliminated as it could only take place at the outer edge of the smoke-producing 
area. 

With regard to the vertical spread, the absence of some evidence of this is 
more difficult to explain ; but it appears possible it may be due to the proximity 
of the point of observation to the source. 

At any rate the points plotted show the actual results obtained and the 
mathematical curve drawn in fits these points extremely well. The equation 
given enables a fairly good forecast to be made of the smoke concentration 
to be expected with any particular wind. 

The general inference to be drawn from such a curve is the profound effect 
of wind velocity, so that given a suitably low wind speed a smoke fog becomes 
almost inevitable under present conditions. 

Destination of Smoke. 

We may now examine another interesting question :—^Where does the smoke 
produced in great cities go to ? If we consider a single soot particle 
under i micron in diameter, it will settle through the air under the influence 
of gravity at an excessively slow rate, so slow indeed that if ^ot from the 
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top of a chimney loo feet high, the particle would take nearly three weeks 
to reach the ground in perfectly still air. 

It is evident that a slight wind might drift it for a great distance before it 
reached the ground, and that it does so drift the smoke is shown by the fact 
that it can be detected in the air all over the country. The author has found 
large numbers of suspended particles in the air which had blown across the 
North Sea without touching land.® If the conditions are such that the individual 
particles of smoke remain separate and do not aggregate together into large 
bunches it may drift over hundreds of miles. This is the chief source of the 
beautiful blue haze which overspreads the country during anticyclonic weather 
in the summer. It gives what artists call an “ atmosphere ” to the landscape. 
Another evidence of the spread of smoke over the country is the decay of 
buildings, far removed from cities, due to the attack of sulphur acids upon the 
limestone. The existence of such decay is now well recognised in such buildings 
as Windsor Castle, Riveaulx Abbey, (Yorkshire), Tintem Abbey, and others. 

During the fogs of December last the deposit of soot particles from the air 
in the neighbourhood of London was abnormally great. A miscroscopc cover 
glass was exposed at Cheam, about ii or 12 miles south-west of London, on 
the aftejmoon of January nth la.st. for 20 minutes, and the number of particles 
which settled in this time was counted. Taking individual particles about | 
micron in diameter, these had settled at the rate of 70,000 to 80,000 per square 
centimetre per minute. It was obvious, however, that the settlement of many 
of these had occurred in aggregates or masses. There was a dense water fog 
at the same time and a quite abnormal amount ol smoke pollution, amounting 
to 15,000 or 16,000 particles per cubic centimetre. The rate of settlement, 
however, was much greater than would be accounted for by settlement of 
individual particles. One of the results of this deposit was that the whole 
■country the morning after the fog was covered with a black, oily looking layer. 
This was evident on the roads, while the pools of water had oily, iridescent 
films. The site of a mat on a verandah was marked by a square of compara¬ 
tively clean tiles, while all around was much darker. In this case the smoke 
in its travels was depositing with unusual rapidity. 

It is well to observe that the evils of smoke are by no means limited to the 
immediate neighbourhood of great cities, although more obvious there. 

Selective Deposit. 

A somewhat remarkable result arrived at from the observations of deposited 
impurity made for the Advisory Committee at different stations in England 
will now be referred to. This suggests that the sulphur impurities derived 
from the combustion of fuel penetrate further into the surrounding country 
than does the solid sooty matter evolved at the same time. The* deposit of 
sulphur, carbonaceous matter and total solids for three selected stations are 
shown in TaUe 3, and in a separate column the percentage of the total solids 
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which is made up of sulphates and carbonaceous matter. The remarkable 
thing in these figures is the extremely high percentage of sulphates in thfe country 
at Malvern and the low percentage of carbonaceous matter. The station 
is at Malvern Wells, right in the country, and must be supposed to get its 
impurity from a distance. While the percentage of sulphates at Malvern 
is abnormally high compared with the city deposits the total quantity is in 
all cases less. It appears that there are some factors operating which enable 
the sulphur impurities to travel further than carbonaceous or insoluble dust. 
Another factor is, however, also affecting the results and must be kept in mind : 
The <^volution of sulphur acids from fires and furnaces must be fairly constant 
in amount and quite independent of smoke emission. Thus when sulphur 
deposit is given as a percentage of the total it is to be expected that it will 
show a more or less inverse relation to the total. This has already been 
indicated in connexion with Table i. 

Referring to Table 3 and selecting the last year—1921-22—for the moment, 
the per centage of sulphates in the summer at Golden Lane, London, was 8.8, 
while at Malvern it was 27.4 On the other hand, the percentage of carbonaceous 
matter at Golden Lane was 32, while at Malvern it was only 8.4. Looking at 
the winter for the same year, sulphates at Golden Lane amounted to 11.9 
per cent, of the total, while at Malvern they made up 27.8. Carbonaceous 
matter at Golden Lane amounted to 24 per cent, of the total, while at Malvern 
it only made up 5 per cent. 

It appears, therefore, that as we move away from cities there is a gradual 
alteration in the composition of the deposited atmospheric impurity, and since 
the sulphur is the most injurious part, the impurity of the country air, although 
smaller in quantity than in the city, is, weight for weight, more corrosive and 
more injurious to vegetation than the city impurities. This is a point to be 
remembered by country dwellers:—How much their crops are affected by 
a drift of sulphur from the cities, and generally how much of the city impurity 
is passed on to the country ? 

Remedies. 

With regard to the remedy, it is not proposed to deal with the technical 
problem of preventing smoke ; the means are already sufficiently well known. 
All that is now really wanted to get rid of the trouble is a determination on 
the part of the people to do so. No doubt this statement will be severely 
criticised, but the criticism we often hear from people who do not desire to 
have their present methods interfered with carries about the same weight as 
the advocacy of others interested in some smoke-preventing device or fuel. 
Any of you who have taken the trouble must have noticed that industrial 
furnaces for steam raising are. very often worked with little or no smoke pro¬ 
duction ; while in other cases there is copious production of smoke, thus showing 
that it is possible to prevent smoke emission in any quantity. Again :— 
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Steel makers will say, “We must have a reducing atmosphere in our furnaces 
and smoke is an essential.” Well, the author has seen several steel making and 
reheating furnaces operating on high carbon steel and having smoky flame in 
the iurnaces but emitting little or no smoke from the chimneys. You vill 
observe that the argument for a reducing atmosphere shows that smoke is 
necessary in the furnaces; but it docs not show the need for emitting it from 
the chimneys. 

Broadly speaking, the reduction of the intolerable impurities in the 
atmosphere of our cities is in our own hands, and, so far from being a hardship 
economically, it would result in a saving to the country. At the same time 
the life of our city dwellers and workers would be made reasonably fit for 
human beings. 


DISCUSSION. 

Sir Frank Baines, C.B.E., C.V.O. (Director of Works, H.M. Office of Works) 
said he liad rarely listened to such a masterly exposition of so obscure a problem. It 
was a problem with which he himself had been peculiarly associated, from a very 
small aspect perhaps, namely, the serious effects of polluted atmosphere on the great 
buildings and monuments of the nation. One fact liad been brought out by the 
author, namely, that the pollution of the atmosphere was primarily due to two 
causes. The first of those was the aggregation of masses of population in our cities. 
He could not contemplate the idea that that population would ever be dispersed 
into country districts, and, therefore, that cause of the pollution of the atmosphere 
would always remain. The second cause was the burning of raw or soft coal. 
There, again, he could not conceive the mass of the population of these islands 
ever giving up the radiant heat which they got from a raw coal fire ; and although 
the author had pointed out quite clearly that smoke abatement was possible, 
and that pollution of the atmosphere could be improved if only civil engineers 
and mechanical engineers would tackle the problem in the ways known to science, 
yet any method of smoke elimination which did not apply to the domestic grate 
would hardly be effective. One appalling fact which had emerged from the paper 
was that domestic smoke was responsible apparently for from 20 per cent, to 40 
per cent, of the tar content of the smoke. A point of very considerable hope, 
however, had been stated by the author, namely, that the condensation fogs were 
likely to be less over London than over the country. Therefore, there was a pos¬ 
sibility that the atmosphere which hung over our cities would be preferable to the 
atmosphere which hung over our rural areas if we once eliminated smoke; that 
was to say, the condensation fog would be less over our great cities because of the 
increase of temperature due to the great mass of activity in our cities; and if we 
could only eliminate smoke and get an absolutely clean atmosphere, country people 
would come to our towns in order to get fresh air, and so the present conditions 
would be entirely reversed ! 

He had found, during his own very minor researches into the problem, that the 
question of smoke pollution had arisen as early as the 13th century. In connexion 
with his investigations of one of his buildings—Holyrood—he had found that 
there had been a definite utilisation of the outcrops of coal in the estuaries of the 
Forth, which had caused serious trouble. That showed that the problem to-day 
was very largely a repetition of the problem of yesterday. He had also found that 
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Evelyn, the great diarist, after the Restoration, had referred to what he called— 
and it seemed to be a very liappy phrase—the “ presumptuous vapours " which 
issued from the chimneys of Scotland Yard and which, he said, had such an appalling 
effect upon the Court that they had to retire to the country of Kensington to escape 
from them. It was evident, therefore, that the problem was quite an old one, 
but it was clearly up to the present generation, with its existing scientific methods, 
to find a cure; and he believed that Dr. Owens’s masterly disquisition would cause 
more serious thought among the people of this country than probably any of the 
remarks of the diarist Evelyn. 

As he had said, his own problem was primarily one of dealing with buildings. 
It was one which concerned the nation a little, because once those buildings and 
monuments were obliterated and ruined by atmospheric pollution the nation 
woula lose that sense of tradition and history which was so vital to its apprehension 
of progress. Therefore, he did suggest tliat the problem was of primary importance 
historically. If we let this modern disease of society—this pest which had grown 
up since the industrial revolution—continue unlimited, the nation would inevitably 
lose the right to possess things of beiiuty sucli as our great abbeys, monuments,, 
castles, pictures, glass, etc., etc. Everything would fall into decay. The almost 
unceasing and senseless energy of the industrial period of to-day was apparently 
producing within itself something which would obliterate itself, thus showing there 
was no survival value in activities of tliat kind if they produced a disease such as 
we were suffering from at present. 

He had often wondered, in examining buildings, why evidence of the pollution 
of the atmosphere should be found deep in the body of the walls. In one of our ^eat 
London buildings he had found forms of sulphate of calcium and sulphate of magne- 
nesium as much as 17 to j 8 inches away from the face of the stone. It was true that 
the sulphate was on a line of cleavage in the stone, but that line of cleavage was a 
very minute one. It was quite clear, therefore, that the sulphur content of the 
atmosphere dispersed in the form of sulphurous gases, Which, in the particular case 
he was quoting, had entered 18 inches into the stone, had produced the crystals 
of sulphate of calcium ard magnesium and had burst the stone as far back as 
18 inches from the surface. The author had made a suggestion as to how that hap¬ 
pened, namely, that the alternating barometric pressure in the atmosphere would in 
one case evacuate the air from the capillary tubes of the stone, and then re-enter 
the air into the capillary tubes of the stone, carrying with it the atmospheric 
impurity, and so continue the decay by a constant alteration of atmospheric pressure. 
That was a better explanation of the decay in stone than he had ever heard before. 
We were building to-day with Portland stone, which was considered to be the best 
possible stone to use. and it was interesting to record as an example of how that stone 
depreciated under pollution of the atmosphere that, in connexion with one of our 
great buildings, in 14 years the surface of the Portland stone had actually gone 
back over one-eighth of an inch. He trembled to think what it would be like in 
400 years time. No building or monument seemed to be safe from the attac k of 
atmospheric pollution, either in towns or in the country. 

The author had said that he was not prepared to telk about cures or solutions, 
but personally he thought he ought to be pressed to do so. He ought to be told, 
''You know so much about the cause of the disease, and its aspects, and its physical 
manifestations, that surely you can tell us of a panacea." He himself had tried 
panaceas. He had tried to get the occupants of the houses of great housing schemes 
to accept gas and to eliminate the raw coal fire, but there was an inveterate hostility 
to gas on the part*of the inhabitants, except for cooking, and, in his opinion, unless- 
people were going to get gas at a third of the cost of coal it was hopeless to attempt 
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to make them use gas. With regard to electricity, it seemed quite impossible to 
persuade people to eliminate the domestic grate and to accept electric heaters. 
When he had been in Switzerland he had been astonished to see in that country, 
which was remarkable for cheap electric power, tliat people were using ordinary 
raw coal for firing their boilers. Therefore it seemed as if electric power was not a 
solution. He thought the author should be pressed to say what was his solution. 
Personally, he would suggest that it ought to be a new form of heat, but he could 
not state how that should be obtained. He thought the public generally was 
prepared to take a definite posture on the whole problem if scientists like Dr. Owens 
and Sir Napier Shaw would give them a lead. 

There were innumerable questions which he would like to ask, but there was no 
time at present. For instance, he would have liked to have asked Dr. Owens how, if a 
very good method of low temperature carbonisation was evolved by which a very 
-good low temperature fuel could be obtained, he would eliminate sulphur from that 
fuel? 

Dr. Arthur W. Hill, F.R.S. (Director, Royal Botanic Gardens, Kew) said, 
as custodian of the Royal Botanic Gardens, Kew, he liad been particularly 
interested in what the author had said. He had brought with him a collection 
of evergreen shrubs and a pane of glass from one of the greenhouses at Kew in order to 
show the appalling effect which the recent fogs had had on the vegetation there. 
For instance, so bad was the effect of the sooty deposit on the conifers at Kew that the 
Forestry Commission had given an area of land at Bedgebury, near Tunbridge Wells, 
for the purpose of forming a National Collection of conifers where they would be 
comparatively free from the effects of the London smoke. It was not only the visible 
soot and filthy smoke, but it was the injurious effects of the sulphurous fumes which 
did so very much damage. Just before the recent very bad fogs there had been a 
magnificent collectionof orchid flowers at Kew, for which any big shop would have 
paid ;^ioo, but with sulphur penetrating everywhere, in about half an hour the 
whole of those orchid flowers had been entirely ruined. The same disastrous 
effects occurred with begonias and other plants with delicate leaves or flower 
All plants were badly affected by foggy days. Therefore, speaking of vegetation, 
as Sir Frank Baines had spoken of buildings, anything which could be done to 
eliminate or mitigate the evil eflect of smoke would be of extraordinary value. 

lie had been interested to see on the screen a particular chimney just opposite 
Kew in Brentford, against which he had been agitating for some time.. One of his 
predecessors had had to take action in regard to another chimney in Brentford which 
had been belching out smoke to an enormous extent, and the owners of that chimney 
had been compelled to take measures to prevent the emission of that smoke. A 
year afterward a representative of the firm called at Kew and had said that he 
really had to thank the Kew authorities for the action they had taken, because 
his firm had found that in emitting that smoke they had been losing many valuable 
products up the chimney and that owing to the Kew authorities* action they had 
saved many thousands of pounds. He only hoped the owners of the chimney to 
which he was at present referring could be compelled to adopt similar measures. 
He thought, however, that it was the domestic chimney which was the main cause 
of the trouble. 

Colonel Sir Arthur Holbrook, K.B.E., M.P., remarked that after hearing 
how the nation's buildings and monuments were being destroyed in the rapid way 
which had been described, and how plants died in an hour under an accumulation 
of smoke, he felt nervous as to what was going to happen to himself in the futile. 
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He could not help thinking that one cure for the evil—which ought not to be beyond 
the engineering skill of our great scientists—was to invent some means of consuming 
smoke in the chimney itself. If, as Dr. Hill had said, the Brentford people had found 
that the deposits which they had saved by keeping the smoke inside the chimney 
were worth thousands of pounds, surely the ordinary householder might follow the 
same practice and thus be able to make enough out of his chimney to pay for his 
taxes. 

He was glad to find that lectures on the subject were being continued. It was 
important that people should have their eyes opened to the danger of coal fogs in 
London. The public should make up its mind to get rid of coal fires as soon as 
possible. That was the solution. He remembered reading witli great alarm a 
short time ago that during a big smoke fog in London, for every cubic inch of 
air which a pedestrian breathed he swallowed 340 thousand particles of soot. That 
was a most alarming statement, and probably answered the question which the 
author hac^ asked, namely, where the smoke went to ! Those wlio were interested 
in the subject should, he thought, band together in order to educate their friends 
and the public generally on the matter. Reforms could only be effected by public 
opinion, and it was for those interested in the subject to create that public opinion 
and to do all they could to get their friends to realise that, to a large extent, the 
people themselves were to blame for the evil. 

Mr. F. W. Goodenough (Gas Light and Coke Company) said he thought he could 
state one fact which might to some extent reassure Sir Frank Baines, who had said 
that the public would not use gas. Outside the Government Offices, who were the 
worst offenders in the use of coal fires, he could state that in ever>increasing numbers 
the public were using gas fires as well as gas cookeis and water-heateis. 
The last four years had shown the following figures in regard to the in¬ 
crease of gas appliances amongst customers, other than those using 
penny-in-the-slot meters: Four years ago 23,000 increase in the year; the 
next year 43,000 ; the next year 44,000, and last year 67,000. He could take Sir 
Frank Baines to thousands of homes in London to-day where there was not a single 
coal fire being burned. It was the absence of domestic servants which was helping 
to solve the domestic smoke problem, because gas had the advantage of involving 
no labour in dealing with it. That fact was helping towards a solution of the evil, 
even more than the public opinion created by the advocates of smoke abatement. 
He thought the author underestimated the proportion of smoke due to industrial 
causes from his charts; it was not accurate to deduct from the week day curve of 
solid particles the Sunday curve, and regard the difference as the amount due to 
the industrial output in the week, because there was considerably more cooking done 
on Sunday than on any other day of the week in the morning. That was borne o 
by the fact that the maximum hourly load on the gas works throughout the 
country was to be found between 11 and i on Sunday. 

Dr. Margaret Fishenden (Fuel Research Board, Department of Scientific and 
Industrial Research) thought the author had made it quite clear that the primar}’ 
cause of smoke was the non-industrial, including the domestic, fire. It did not 
matter exactly what the proportion was, but If the domestic fire was responsible 
for anything like twice as much smoke as the industrial chimney, it was a matter 
for serious consideration. She did not agree that the preference for the coal fire 
was entirely a sentimental one; ' she thought it was mainly a matter of habit. 
The alternatives’ to raw coal were either gas, electricity or smokeless solid fuels. 
Electricity for, the present was ruled out (except in special cases, or as a luxury). 
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not only because it was very high in cost to the consumer, but also, in her opinion, 
because it was wasteful in the matter of supplies; it took too much coal to pro¬ 
duce electricity for it to be a really economic solution. What the future 
might bring she did not know. Gas was in a very much better position. From the 
point of view of national fuel conservation there was a very good case to be made out 
for gas. It was extremely convenient, and for intermittent heating it was as cheap 
as coal. In some cases, if the cost of labour were taken into consideration, it was 
cheaper than coal, but the fact remained that for continuous heating coal was 
cheaper. Then one came to the question of coke. There had been many attempts 
made recently to produce low-temperature cokes, and she thought it was probably 
correct to say that the problem, from tlie technical point of view, was solved, but 
from the economic point of view it was not solved ; that was to say, the satisfactory 
production of those smokeless cokes on a commercial scale was still uncertain. She 
made bold to say that any one who had seen a lire composed of good low-temperature 
coke would never want to go back to a coal fire again. It was an almost perfect 
fuel for nearly every domestic use, and if used in conjunction with gas for cooking, 
smokeless houses would be the result. As far as cost was concerned, she thought 
smokeless coke was worth a good deal more than the coal, because it 
gave more heat per weight. While the problem of smokeless cokes was being 
further investigated, she thought a very great deal might be done by using more 
gas coke, but slie would put forward a plea for supplying gas coke with less moisture 
than it usually contained at present. One of the reasons why gas coke was 
difficult to ignite was because it contained so much moisture. 

Dr. Owens, in reply, said he had rather expected to be criticised for not having 
suggested remedies for the evil, but one could not put everything one desired into a 
paper. His paper was already much too long. It was not that the question of 
remedies had not had his consideration, but that he had definitely come to the con¬ 
clusion that the remedy for the evil was known if only people were prepared to pay 
for it. For instance, as Mrs. hishenden had pointed out, low-temperature coke was 
a remedy, but people were not prepared to pay for it. Gas would solve the difficulty, 
ft was a little more costly probably for continuous heating, but for intermittent 
heating it was cheaper, and it was cheaper for cooking. Then there was the use of 
coke. That would prevent smoke. There was anthracite, and there were 
a great many other things which would help to solve the difficulty. The thing to 
do was to influence public opinion—to make people have the desire to remedy the 
evil, and then a remedy would be found, because there were plenty of people 
who knew how to handle the problem. He did not agree with Mr. Goodenough's 
criticism of his curves. It was true there was a little more cooking on Sunday, 
but the quid pro quo was that there were a great many less office fires on Sunday. 
He had considered that point very carefully, and he had put the cooking against 
the office fires. 

On the motion of the Chairman, a hearty vote of thanks was accorded to Dr. 
Owens for his paper, and the meeting terminated. 


OBITUARY. 

Lord Curzon of Kedlkston, K.G.—By the widely and deeply lamented death 
of the Marquess Curzon of Kedleston, in London on March 20th, after a fortnight’s 
illness, the nation and the Empire lose one of their foremost statesmen and the 
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Society an old friend and supporter. Bom sixty-six years ago at the Derbyshire 
family. seat, Kedleston, he was the eldest son of the Rev. Alfred Nathaniel 
Holden Curzon, fourth Baron Scarsdale, and his wife Blanche, daughter of Joseph 
Pocklington Senhouse, of Netherall, Cumberland, and sister-in-law of the late Sir 
Wilfijki Lawson, to whose well-known views on temperance reform Lord Curzon had 
at any rate in early life a leaning. From Eton he passed to Balliol College, Oxford, 
and, to quote his own words, sat at the fe^t of Dr. Jowett, by whom he was 
** always regarded as a man certain to distinguish himself.** 

His eminent public career began in 1885 when he became Assistant Private 
Secretary to the great man he succeeded later as Secretary for Foreign Affairs, 
the third Marquess of Salisbury, and fought his way into Parliament as member 
forjSouthport. That seat he continued to hold till 1898, when having proved his 
capacity as a politician and minister he was chosen to succeed the ninth Earl of 
Elgin as Viceroy and Governor-General of India. To add greater dignity to his new 
position an Irish peerage, without a seat in the Upper House, was conferred upon 
him apparently with his own acquiescence as he did not wish then, by accepting a 
peerage of the I 'nited Kingdom, to be deprived of the power of returning to the 
House of Commons. With the exception of Dalhousie, no man at Lord Curzon*s 
age had attained what has been called the highest position under the Crown. Lord 
Curzon was sworn in at Calcutta some days before his 40th birthday. Dalhousie 
was bom on the 22nd of April, 1812, and took up his duties at Calcutta in January, 
1848. In the interval between the completion of Lord Curzon*s first term as Viceroy 
and his reappointment he came to England for a holiday. No effort was spared to 
show him how much his services in India were appreciated here. In the first place 
King Edward made him Warden of the Cinque Ports and the Corporation of London 
bestowed the Freedom of the City upon him in the presence of a large and brilliant 
gathering. 

After returning from India upon his resignation of the Viceroyalty he 
finally abandoned the idea of ever resuming ParlisCmentary life in the House of 
Commons and entered the House of Lords as an Irish representative peer. In 1911 
he was created Earl Curzon of Kedleston with the minor titles of Baron Ravensdale 
and Viscount Scarsdale. He was one of the Opposition leaders who joined Mr. 
Asquith on May, 1915, taking the office of Lord Privy Seal. He was included in 
Mr. Lloyd George*s Government on December, 1916, as Lord President of the 
Council, Leader of the House of Lords and member of the War Cabinet. When the 
Coalition Government fell he was in office as Foreign Secretary, having succeeded 
Mr. Balfour in October, 1919. He held the same position in the Government of 
Mr. Bonar Law and Mr. Baldwin, but when Mr. Ramsay Macdonald and his friends 
went out of office, and the Conservatives returned to power he was assigned the 
posts of Lord President of the Council and Leader of the House of Lords. The 
decision not to restore him to the Foreign Office caused him ** great disappointment,** 
but as the Times remarks he accepted it with good grace and ably represented his 
Government in the Upper House. Subsequently the objections successfully urged 
by political associates to his following Mr. Bonar Law, as Prime Minister, was a 
source of renewed blighted hope, but, as the Times observes, it was not the least 
remarkable feature of his character that, with all that air of arrogance that impressed 
the world he could again and again accept with dignity rebuffs, disappointments, and 
the sudden overriding of his plans and dearest desires. One long and intimately 
assoc^ted with him says that when all the facts are known Lord Curzon*s gesture 
of self-efiacement in the Coalition and later will be counted as one of the noblest 
acts of his life;'* 

The coveted Garter came to him in 1916 and another rare honour, the Royal 
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Victoria Chain, in 1903. He had been Chancellor of Oxford University since 1907. 
His Marquessate, Earldom and Irish barony cease to exist with his death, but the 
. Viscountcy descends to a nephew and the Barony of Riversdale to his eldest daughter. 

Lord Curzon's long connexion with the Royal Society of Arts dated from 1895. 
when hte was elected a Life Member and he was a Member both of the Council and 
the Committee of the Indian Section at the time of his death. Between 1894 and 
1923 he presided at no fewer than eight meetings of the Indian Section. He once said 
he thought that the Fellows must be tired by seeing him so frequently in the chair, 
but the crowded state of the Lecture Hall whenever it was announced that he would 
speak afforded proof to the contrary. On the occasion of his presiding in 1907 at 
Sir Frederic Lely's lecture on ** The Practical Side of Famine in India"—it was not 
very long after he lost his first wife—^he told the audience that although at the time 
he was taking no part in public affairs he could not resist the invitation which he 
regarded almost as a command to be present and introduce the reader of the paper. 
Sir Frederic Lely, he declared, was one of the most eminent civilians who had served 
the Government of India in recent years, distinguished both by the eminence of the 
posts he had filled and by his notorious sympathy for the people. In commenting 
later in the evening on the paper, which he observed was of " a somewhat unusual 
character even in the annals of the Society," Lord Curzon bore testimony, from his 
own experience of the terrible visitation, to the fidelity of the picture drawn by the 
lecturer. Lord (.'urzon’s last appearance at a meeting of the ^ociely was in June, 
1923. when he pre.sided at J-ir John Marshall's Bird wood Memorial Lecture on 

The Influence of Race in Early Indian Art." On that occasion I-ord Askwith, 
speaking as the then Chairman of the Council, said it might be that Lord Curzon’s 
Viceroyalty, which when the history of India was written must ever remain as one 
of the most remarkable features of recent times, would be heralded as the 
beginning of a new movement in Indian art, partly by the preservation that he 
accorded to its ancient monuments, and that his influence might have a more 
far-reaching character than could even at present be dreamt of. The Queen 
Victo ia Memorial Hall at Calcutta is said to be entirely due to him. 

Opinions may differ as to Lord Curzon’s later record in home politics, but probably 
few will disagree with the view that his best and most enduriiig work was done dur¬ 
ing his Viceroyalty of India. " He was," it has been said, " a great Viceroy— 
perhaps the last of the great Viceroys of the old school." Many who had opportuni¬ 
ties of judging will, we think, be disposed to concur with the following passage from 
a leading article in the Times of Saturday :—"The friends and colleagues who 
succeeded in penetrating the barriers of his reserve knew that there was more behind 
them than the many-sided industry, the finished writing and speaking, the pomp and 
circumstance of Lord Curzon's official facade. He had a deep sense of public 
service and an astonishing courage in fulfilling it under a strain of constant suffering 
which would have driven most men into retirement." 

The Society was represented at the funeral service in Westminster Abbey, on 
Wednesday, by Sir Edward A. Gait, Member of the Council and Chairman of the 
Indian Section Committee. 

Sir Marshall Reid. —Sir Marshall Frederick Reid, C.I.E., died on March 
^oth at his residence, Woodcote Lodge, Epsom, in his sixty-first year. .Son of 
the late Mr. Daniel Reid, of Glasgow, he was educated in Scotland at Loretto 
School, and went to India to join the staff of the Bombay Company, Limited, of 
which he eventually became the managing director. He was a member of the 
'Bombay Legislative Council from 1912 to 1913 and of the Imperial Legidative 
Council of India from 1914 to 1915. During the latter period he occupied the" 
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position of Chairman of the Bombay Chamber of Commerce, and was also a director 
of the local Presidency Bank. Upon returning to this country Sir Marshall was 
invited by the then Secretary of State for India, Mr. Austen Chamberlain, to fill 
a seat on the Council of India, and he retained that position until the end of 1919, 
when he resigned to devote himself entirely to his business affairs. While still 
on the India Council he served as a member of the Committee on Indian 
Exchange and Currency appointed in 1910 under the presidency of Sir Henry 
Babington Smith. Subsequently he was one of the delegates for India at the financial 
congress held in Brussels by the League of Nations. In the City of London he 
was well known and respected as. a partner of Messrs. Wyer and Hawke, East 
India merchants, and as a director of the Anglo-Eg)q)tian Bank. Since 1917 
Sir Marshall had been a life fellow of the Royal Society of Arts, in whose Indian 
Section he always took considerable interest. He was made a companion of the 
Order of the Indian Empire in 1902 and knighted in 1916. 


NOTES ON BOOKS. 


Science and Labour. The principal speeches and papers given at the Conference 
on Science and Labour held in London on May 30th and 31st, 1924. Edited 
by Thomas Lloyd Humberstone, with a preface by Lord Askwith. London : 
E. Benn, Ltd. 75. 6 d. cloth or 6 s. in paper covers. 

The peculiar value of this book, not only to the mature economist, but also 
to the most cursory student, rests in the fact that many views are presented, and, 
indeed, well presented by men of eminence. 

Mr. Sidney Webb hinted that the laboratory expert may in some cases go too 
far unless he is nursed or watched or guarded by a statesman. Sir Richard Glaze- 
brook, the motive spirit of the National Physical Laboratory, and Mr. Richard 
B. Pilcher, the protagonist of the Institute of Chemistry, rose in reply each in his 
own way. 

So all through, view against view, a tolerant consideration of both sides; 
toleration of a kind likely to lead to progress in the best sense of the term. 

And the result ? That excess must be avoided, that all parties should unite 
in finding the middle way, all extremes being bad. 

Everj^ one interested in economics, in science, in technics, and in true progress 
should obtain this volume. But something is needed; the book must be carefully 
studied till the real meanings of the speeches and the final balances of expediency 
dawn on tlie reader. 


The Constituents of Coal Tar. By Percy Edwin Spielmann. London: 

Longmans, Green and Co. 125, 6 d. net. 

This volume of 220+Xll pages is just what a laboratory book should be, the 
admirable index guiding the student when he has occasion to use the mass of 
detail regarding the numerous constituents of coal tar. 

As an example of laborious thoroughness we may refer to p. 31, where benzene 
is considered as the first among monocyclic hydrocarbons; freezing points, boiling 
pointe and specific gravities being given or tabulated as influenced by ordinary 
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or usual conditions. Separation and purification are explained in full detail, 
freezing out or crystallisation being a leading feature of the up-to-date aspect; 
also the relative efficiency of drying agents being quantitatively tabulated from 
sodium sulphate to phosphorus pentoxide. It is noted that plaster of I^aris is a 
useful drying agent, and this may give a hint to those having occasion to dehydrate 
oils, alcohols or ketones, and also to those who use drying cupboards. 

Impurities of benzene, their detection and elimination, are studied with quite 
remarkable fulness, and we assume that much of the important work which Dr. 
Spielmann did for us in the war time is embodied in this part of the book. On 
p. 37 it is suggested that “ absolutely pure benzene,” by reason of the constancy 
of its freezing point, may serve to give a fixed position in thermometry. Other 
questions in thermometry seem to arise out of the work under notice, as (p. viii.) 
the question of uncertainty when no scale is indicated ; for example, in many 
chemical writings degree means a degree as defined by Celsius, and in many 
meteorological writings or, perhaps, most British journalistic writings, the term 
” degree ” means a degree as defined by Fahrenheit. Meteorologists have found 
it inconvenient to use the scale of Celsius, because their readings would then be so 
frequently changing the sign (plus and minus) in one and the same sequence of 
observations. Chemists, owing to increased work at temperatures between the 
two usual zeros, are now almost in the position which has so !• 'Ug affected meteoro¬ 
logists. Indeed, we notice that on p. 33, and 15 other pages of Dr. Spielmann's 
book, there are examples which serve to illustrate the increasing inconvenience of a 
high thermometric zero to the chemist and to readers of chemical books. Hence 
the proposal of the late Dr. Murray, of Edinburgh, for writing the advantages of 
the two usual scales seems to take a new interest. On the Murray (or Millegrade) 
scale the zero is the freezing point of mercury and the boiling point of mercur^^ 
is 1,000 degrees. Dr. Murray mentions 99® and 347° as the ice and steam gradu¬ 
ation positions for his thermometer; the interspace being marked off into 248, 
so that the scale would almost proclaim itself in ordinary cases, without the use 
of an indicating M. 

Dr. Spielmann dedicates his work to Tilden, his first teacher in chemistry, and 
what he suggests in the preface as to extended research in Great Britain deserves 
attention. In sum, Spielmann has given us a monograph on the aromatic series 
worthy of Kekul6 himself, and Messrs. Longmans may justly feel pride in adding 
this work to their series of ” Monographs on Industrial Chemistry.” 


MEETINGS OF THE SOCIETY TO APRIL 29. 


Ordinary Mbetings. 

Wednesday evenings, at 8 o'clock, unless otherwise announced :— 

April i.—William Nunn, late Adviser to the Siamese Government on Customs 
and Excise, ** Siam : its Progress and Possibilities." Byron Brf.nan, C.M.G., 
will preside. 

April 22.— Cedric Chivbrs, " Bookbinding." J, M. Dent will preside. 

April 29.—^Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.), 
B.Sc.. D.P.H., F.R.C.P.E.. " The Trend of Modem Hygiene." 

Dominions and. Colonies and Indian Sections. (Joint Meeting.) 

Thursday, April 16 (4.30 p.m.)—^L oHd Stevenson, G.C.M.G., " The British 
Empire Exhibition." Sir Charles Campbell McLeod, Bt., wiU preside. 
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MBBTINGS OP OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


IfoNVAY. March 30. .Shakespeare Reading Society, at 
the Royal Society of Arts, John Street, Adelphi, 
W.C. 7.30 pjn. Recitation Competition by Pupihi 
of the L.C.C. Schools. 

Fanners* Qub, at the Surveyors’ Institution, 12, Great 
George Street, S.W. 4 pm. Sir John M'Fadyean, 
Pr^entable Diseases in Farm Live Stock.” 
British* Architects, Royal Institute of, 9, Conduit Street, 
W. 8 pm. Mr. A. Bernford Hte, “The Archi¬ 
tectural Treatment of Ferro-Concrete.” 

Mechanical Engineers, Institution of, Storey's Gate* 
Westminsta, S.W. 7 p.m. (Graduates' Section)* 
Discussion 00 “ Road versus Rail Transport.” 

Swiney Lecture, King’s (Allege, Strand, W.C. 3.30 p.ra. 
Dr, W. T. Gordon, “The Geological History of 
Plants.” (Lecture IX.) 

Actuaries, Institute of. Staple Ion Hall, Holbom, W.C. 
3 p.nL Mr. R. D. Anderson, “Apportionment of a 
Trust Fund Between Life Tenant and Reversioner.” 
Tuesday, March 31..Photographic Society, 33, Russell 
Square^ W.C. 7 p.m. Mr. A. Pereira, “ Personal 
Reminiaoences of the Mount Everest Expedition, 

19*4” 

Royal Institution, Albemarle Street, W. 5.15 p.m. 
Prof. A. S. Eddington, “ The Internal Constitution 
of the Stan.” (Lecture 11 .) 

Atoine Club, 23, Savile Row, W. 8.30 p.m. Mr. L. A. 
EUwood, “The Transylvaniau Alps and the High 
iatra.” 


Weonxsoay, April x.. Naval Architects. Institution of, 
at the Royal Society of Arts, John Street, Adelphi, 
W.C. XI am. Annual Conference, (x) Address by 
the President (the Duke of Northumberlaad). (2) 
Sir John H. Biles, “ Relative Commercial Efiidency 
of Internal Combustion and Steam Engines for High 
Speed Passenger Vessels.” (3) Prof. F. P. Purvis. 
“ Japan’s Contribution to Naval Architecture.’^ 
(4) Mr. G. H. Hotimann, “Analysts of Prof. Sir Jobn- 
ri. Biles's Paper on H.M.S. * Wolf * Experiments." 

United Service Institution, Whitehall, S.W. 3 p.m. 
MajoivGenerd W. M. St. G. Kirke, “ Modem Finland.” 

Historical Society, 22, Russell Square, W.C. Mias 
E. J. Davia, “ The Dissolution of the l^iory of Holy 
Trinity, Aldgate (1552)1 and its Historical 
Significance.** 


Entomological Society, 41, Queen’s Gate, S.W. 8 p.m, 
Swiney Lecture, King’s College, Strand, W.C. 5.30 p.m. 
Dr. W. T. Gordon, “The Geological History of 
Plants.” (Lecture X.) 

Electrical Engineers, Institution of. Savoy Place, Victoria 
Embankment, W.C. 6 p.m. (Wireless Section.) 
Major A. G. Lee and Mr. A. J. Gill, “ The Leaficld 
Coupled Arc.” 

(S. Midland Section), at the University, Edmund 
Street, Bixmu^ham. 7 p.m. Colonel T. F. Purves, 
“The Post Omoe and Automatic Telephones.” 


Public Analysts, Society of, at the Chemical Society, 
, Burlin^[ton House, Piccadilly, W. 8 p.m. (i) Mr. 
W. Dickson, “Quantitative Estimation of Cotton, 
Linen and Wood Fibres in Paper Pulp.” (a) Dr. 
J. C. Drummond, .“Vitamins in Bread.” (3) Mr. 
G. D. Elsdon, “ Proposed Standards for Lemon 
. C^ieeie.** (4) Discussion > on the “ Desirability of 
Standards foe Food Products.” (3) Dr. P. H. 
PcausnltiL “Laboratory FUters made of Sinterad 
Glass various Uses.” 

Civil Bngtoeeis, Institution of, Great George Street. 
SfW. 6 pjBk (Students* Meeting.) 


TnuMDAy, AnuL a..Naval Axubitects, Institution of, 
at the Royal Socixty op Arts, John Street, Adelphi, 
W.C. am. Coofeseiaee continued, (i) Admiral. 
D. W. Tayloc, ** Wake Prater Coeffidenta." 
(2) Mr. w. 6 . A. Peering, ** Fonn Effecto and Form 
Reabtaape of Ships.^* (3) Mr. W. Pollock. “A 
SagfMd MMIttd of Inomiiog the Efficiency of the 


Screw Propeller.” 

3 pm. (1) Prof. C. E. Inglis “ Stxesees in Rectan¬ 
gular Plates Clamped at their Edges and Loaded 
wicii a Uuiiorinly Distributed .-*rassuxe. (2) Mr. G. 
Vedeler, Notes on the Rolling of Ships.'* (3 Mr. H. 
J. K. Biles, “ Model Experiments with AntPRoUing 
Tanks.” 

8 p.m. Second Report of the Marine Oil Engine 
Trials Committee. 

Royal Society, Burlington House, Piccadilly, W. 4.30 
‘ p.m. 

Antiquaries, Society of, Burlington House, Piccadilly, 
W. 8.30 p.m. 

Victoria and Albert Museum, South Kensington, S.W. 
6 p.m. Prof. W. Rotbenstein, “ Indian Pamtings 
and Sculpture.” 

London County Council, at the Gellrye Museum, Kings- 
laud Road, E. 7.30 p.m. Mr. J. C. Rogers, “ 1 m 
M aterials used and the old Methods of Constructimx 
in Relation to Design in Furniture.” 

Mechanical Engineers, Institution of, (N. Western 
Branch), at the Engineers* Club, Manchester. 7 pm. 
Mr. E. A. Eborall, “ Swiss Federal Railway Electrl^- 
tion.” 

Child Study Society, 90, Buckingham Palace Road, 
S.W. 6 p.m. Mr. Ben Greet, “ Plays for Children.** 
Royal Institution, Albemarle Street, W. 5.15 pm. 
Mr. T. T. Baker, ‘‘Chemical and Physicri Effects 
of Light” (Lecture 11 .) 

Chemical Society, Burlin^n House, Piccadilly, W. 
8 p.m. (i) Messrs. C. S. Gibson and J. L. Simonsen, 
“ The Formation of d-2:2:a-triiiiethylcyclohcxan-3* 
oue-i-carboxyhc acid from d>campho^uinone.” (a) 
Mr. W. H. Gray, “ Aromatic Esters of Acylecgonines.” 
Linnean Society, Burlington House, Piccadilly, W. 
5 p.m. (x) Mr. W. C. F. Newton, “ The Cytotogy 
of the genus Tulipa.** (2) Mr. W. R. B. Oliver, 
“ Bio-geographical Relations of the New Zealand 
Region.” 

Friday, April 3..Naval Architects, Institution of, at 
the Royal Society op Arts, John Street, Adelphi, 
W.C. iia.m. Conference continued. (i)Mr. £. W. 
Blocksidge, “ Tonnage Legislation and its Application 
to the Measurement of Ships.” (2) Mr. W. G. 
Cleghorn, “ influence of Trading Conditions on the 
Design - of Intermediate Passenger Vessels.” (3) 
Mr. C. F. Holt, “ Stability and Seaworthiness.” 
3 p.m. Mr. A. H. Haver and Dr. E. V. Teller, “ 
Propulsive Performance of the Corrugated Ship.” 
London County Council, at the Royal Society of 
Arts, John Street, Adelphi, W.C. 6 p.m. l^ecture 
on “ Modem Movements in Education.” 

Philological Society, University College, Gower Street, 
W.C. 5.30 p.m. Prof. W. A. Cra^ie, " Dictionary 
Evening.” 

Engineers, Junior Institution oL 39, Victoria St^t, 
S.W. 7.30 p.m.' Mr. G. W. Tookey, “ Engineering 
Contracts.” 

Mechanical Engineers, Institution of, Storey‘s Gate, 
Westminster, S.W. 7 p.m. (Informal Meeting.) 
Discussion on “ Modem Developments of Gas P^ 
duction.” 

(Yorkshire Branch), at the Philosophical Hall, Park 
Row, Leeds, 7.3(1 p.m. .Mr. il. W. Swift, “The 
Accurate Measurement of Liquid Flow.” 

(Graduates* Section, Midland Branch), at the Chamber 
of Commerce, New Street, Bkmingham. 7.30 pm. 
Mr. C. H. B. Worrall, “ Engineering Costing and the 
Factors Concerned.” 

Auctioneers’ and Estate Agents’Institute, 29, Lincoln's 
Inn Fields, W.C. 7.30 pm. Mr. H. M. Rogers, 
r “The Making of a Lonnouseur,'* Pari Ivw— 
“ English Porcelain.” 

Geologists* Association, at the Univttaity ColkM 
(kvwer Street, W.C.. 7.30 p.m. (x) Prof. wTt. 
Gordon; “The Geolo^ of the Ydlowstooe Park 
District, U.SAu” (aj Mr. G. W. Young, “ Soieooe 
Notes on the Ydlimtoae Puik and the ShosboM 
Valley.” 

Royal Institution, Albemaxle Street, W. 9 pm. Sir 
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PROCEEDINGS OF THE SOCIETY. 

DOMINIONS AND COLONIES SECTION. 

Tuesday, February 24TH, 1925. 

Major-General Sir Ernest D. Swinton, K.B.E., C.B., D.S.O., R.E., 
in the Chair. 

The Chairman, in introducing the reader of the paper, said the general subject 
of transport, always important throughout history, had become vitally so as the 
peoples of the world had grown less self-supporting and more interdependent for 
thi) supply of necessities, and even luxuries. Mr. Rudyard Kipling, who, with his 
great vision, hdd a knack of focussing public attention on the things that 
mattered, had said at a dinner of the Chamber of Shipping a few days previously ii 
** 'When a nation is lost, the underlying cause of the collapse is always that she 
cannot handle her transport. Everything in life, from marriage to manslaughter, 
turns on the speed and cost at which men, things and thoughts can be shifted from 
one place to another. If you can tie up a nation’s transport, you can take her off 
your books.** Nowhere did the subject demand more earnest consideration than 
in Tropical Africa, where vast undeveloped regions of great potential resources 
remained to be opened up. With this the reader of the paper was well (qualified 
to deal. Mr. Brackenbury had spent nine years surveying, prospecting and mining 
in the Gold Coast, the Transvaal and Swaziland, besides some time in the United 
States and Canada. For two years he was in charge of a mine in Africa, fifty 
miles from the nearest railway, and had to arrange for the carriage of hundreds of 
tons of material by ox transport. On the mechanical side, he had taken part in the 
development of the Diplock Pedrail, one of the first systems of flexible track 
propulsion. He was a member of the Sub-Committee of the Empire Cotton Growing 
Corporation, which was engaged in searching for the'best method of carrying cotton 
from the plantations and ginning mills to the railway. 

The paper read was :— 

TRANSPORT IN TROPICAL AFRICA. 

By R. H. Brackenbury. 

Transport in Tropical Africa resolves itself from the European point of view 
largely into the questions of how, on the one hand, best to bring raw produce 
from the interior down to the Coast, so that it may be shipped to Europe ; and 
how, on the other hand, to send up the manufactured articles of Europe to the 
inland dweller. 

The very large internal crosswise traffic of this country is practically unknown 
to Africa. In England the product of a blast furnace in Cumberland or 
Durham may go to a rolling mill in Sheffield, and from thence be distributed 
over the engineering shops to the South, until, perhaps, the iron from the ore 
returns to its original home in the form of a crane ora winding gear, after having 
been split up and brought together again through fifty or a hundred different 
processes, each one of which has meant transj)ort from one works to another. 
There is nothing of this kind taking place in Tropical Africa to-day, for the 
factory system is an experience yet to be savoured by the natives of Africa and 
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the method of distributing products, such as salt and potash, among themselves 
is hardly comparable to the internal transport of the more complex societies 
of Europe. 

But perhaps the most striking characteristic of transport as we know it, in 
Tropical Africa, is the very large economic gap which comes between the 
primitive methods developed by the natives themselves and the highly special¬ 
ised railway systems laid down by the governing European Powers. It is 
well known that the cost of railway transport per ton mile decreases as the 
quantities carried increase, whereas with the more primitive methods precisely 
the contrary phenomenon is observable: as the quantities increase, so also 
the cost of transport-per unit increases too. 

If developed in a graphical form on a chart, two curves, shewing respectively 
the cost per ton mile of gradually increasing quantities, the one in England, 
the other in Africa, would present a very marked divergence. In England, 
speaking generally, it is the carriage of the small quantity that shows the high 
cost per ton mile with a gradually reducing cost per ton mile as the quantities 
increase. That is. to say, the cost curve on our diagram is a continually 
decreasing one. In Africa the cost of transport of comparatively small amounts 
is not excessive but, unfortunately, as production increases the cost per ton 
mile of transportation increases too. 

The diagram will, therefore, shew the cost of African transport to be a rising 
curve becoming relatively steeper until it vanishes off into infinity, as the 
quantities to be carried run up into hundreds of tons per month, but dropping 
back again into manageable figures, only under very special conditions, or 
where the quantities involved are so large that it has become feasible to lay 
down a railway to deal with them. 

To illustrate this point: 5 tons per month of produce from an estate 100 
miles inland can be brought down to the coast by head porters or pack donkeys, 
or, best of all, if there is a waterway, by native canoes at rates per ton mile 
which are undoubtedly high but not prohibitive. Increase this 5 tons per 
month to 50 tons per month and your rates per ton mile will go up with a bound. 
Double this quantity and, if you are dependent on head carriage, you will have 
reached a point where, from the commercial point of view, conditions have 
become prohibitive. But a railway cannot be constructed to carry small 
quantities like these. And yet at present in many parts of Africa these are 
die only alternatives—^head porters to carry tens of tons or a railway to cany 
thousands. Intermediate amoimts—the kind of quantities which can most 
easily be produced in Africa—^have to be left on the ground to rot because there 
are no means of transporting them. 

A native will hardly carry, as a regular task, the recognised load of 60 lbs. 
more than xoo miles a week. What with cooks and headmen for each gang 
and other followers, it may be assumed that it requires 40 men to carry one ton 
of produce. To bring down 100 tons of produce a month over a distance of 
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1:00 miles will, therefore, absorb the useful work of 2,000 men, who would be 
far better engaged in agricultural, mining or pastoral pursuits than in this most 
necessary, but quite unproductive, emplojrment. Moreover, apart from this 
economic objection, men are not available in these large numbers. We all 
look forward to a time when every fertile valley and plain throughout the 2J 
million square miles of British Tropical Africa will send its grain, its cotton and 
its hides; every forest its lumber, its palm kernels and its rubber, to say nothing 
of its cocoa and coffee, its sisal and its hemp, and the thousand other products 
of this most prolific land, in little rivulets and streams of traffic amounting 
jat the source to only a ton or two a month but swelling as they approach a 
railway, through the tens and twenties, to hundreds of tons a month until the 
totals of all these little feeders bring a volume to the arterial railways of mahy 
millions of tons of raw produce and minerals for the factories of Europe. Where 
are carriers to be found to deal with quantities like these ? 

Moreover, there are many other difficulties which make head carriage an 
extraordinarily unsatisfactory and uneconomic method of carrying transport. 
Many years ago, on the Gold Coast, before there were any railways in that 
country, I had to move a safe weighing 30 cwt. from a landing stage on the 
Ankobra river to a mining camp some 20 miles away. In those days we were 
very glad to have a safe on the property, for otherwise, as pay-day approached 
and the bags of silver for the natives' wages made their appearance, one found 
oneself under the necessity of sleeping with large and lumpy sacks of coin in 
one's bed. We could not put them under the bed as that was where we kept 
the cases of dynamite. However, in the nature of things, a safe is not readily 
divisible i.ito 60 lb. head loads, and we had therefore to take it—the whole 
tons of it—in one piece by man power. It can be done—that I know because 
we did it—and as an experience it no doubt had its value, but the less said about 
the cost ' per ton mile the better. I very much doubt whether the safe would 
have held all the money that we had to pay the carriers for bringing it to us. 

Then, again, of those who have been dependent at one time or another on 
head transport, who does not remember the bitterness of that almost intolerable 
experience of waiting until sufficient carriers have been collected to make a 
start ? The morning visit to the local gaol to pick up any discharged criminals ; 
the evening scour of the purlieus of the seaport town and the daily arguments 
with crimps, headmen, bar loafers and every type of idle good for nothing, until 
the minimum quota was made up ? And having got your men together and 
made your start the daily toll of thefts, desertions, sickness—the damage to 
loads through accident, the loads lost crossing streams—the total 
inability to keep any sort of regular time table. In short, the inefficiency, the 
wastefulness, the extravagance of it. The only possible form in which head 
transport is tolerable from a business, as apart from a sporting point of view, 
is vdien a native is bringing his own produce down to some collecting centre, 
and even then the amount and distances are very limited. 
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It will no doubt be conceded without discussion that to cany regularly 1,000 
tons per month from a point far inland to the coast by native transport methods, 
on carriers’ heads, on pack donkeys, camels or even ox waggons, is quite an 
impracticable proposition from a commercial point of view. On the other 
hand, it is a very dubious venture to build a railway to carry quantities so 
small. This point can, perhaps, best be illustrated in the following way. 

Light railways in Tropical Africa can hardly be built for less than £5,000 
per mile. I do not suppose that this statement will be questioned, but, by way 
of illustration, I will quote two figures. The railwa}^ of Nigeria are one of 
the largest systems in Equatorial Africa with their 1,100 odd miles of open line. 
It is well known to engineers that great economy and efficiency was shewn 
in their construction, and yet in the administrative report for 1924 the capital 
cost is given as £11,000 per open mile. Again, Colonel Hammond, R.E., is 
the present authority selected by the Colonial Office to report on the adminis¬ 
tration and finance of Tropical African railways. In his report on the Gold 
Coast Government Railways he criticises an estimate of £17,000 per mile for 
new construction, and considers that £13,000 per mile is a fair figure. Within 
the limits of a paper like this, it is impossible to discuss the comparative merits 
of railways, light railways, narrow gauge railways, tramways, mono rails, road 
rails and the like. I must confine myself to expressing what I believe is the 
average considered judgment of competent engineers familiar with these 
matters. 

Where conditions necessitate the construction of some permanent way and 
yet do not admit, in the first instance, of the high cost of heavy main line con¬ 
struction, it is foimd, on the whole, to be more economical in the long run, and. 
generally speaking, better practice to build a light railway of full gauge rather 
than a line of a narrower gauge. 

However, coming back to the original point, it will be agreed that in the light 
of past experience, £5,000 per mile is not an exaggerated estimate of the average 
cost of a Tropical African light railway. Nor will 6% per annum be considered 
an excessive remuneration to the lenders of the capital. Provision has also to 
be made for the maintenance and replacement of the rails, sleepers, earthworks, 
etc. 4% per annum for these renewals give an average life of 25 years, 
which is fully as long as can be expected under tropical conditions. We find, 
therefore, that £500. per annum per mile is a very moderate estimate of the 
interest pharge on the capital expenditure of a railway in Tropical Africa. 
Now this interest charge is not a heavy burden per ton mile, provided it can be 
divided over a sufficiently large tonnage, but it becomes formidable when the 
volume is reduced within the limits mentioned before. If, for example, the 
total amount of traffic over the whole length of the railway averaged only 
10,000 tons in the year, then, it will be seen, this interest on capital is a first 
charge of i/^ per ton mile. Halve the tonnage and the charge is multiplied by 
two. Reduce the quantity still further to, say, 200 tons per month, then this 
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charge amounts to no less than 4s. per ton mile. And it will be understood 
that this figure includes nothing for the operating cost of the railway, which 
is no small amount in Tropical Africa. There may be military or strategic 
reasons which compel such construction, but that opens up rather a different 
line of argument and thought into which at the moment I do not propose to 
enter. Speaking from a business point of view, and disregarding special 
circumstances, I believe that it is not an economic or commercial proposition 
to build a railway in Tropical Africa to carry less than an average of 1,000 tons 
of goods or produce per month over its whole length. In any case, while 
there may be room to argue over the exact figure, which indeed will vary in 
each' individual case, there is no escape from the main proposition that below 
a certain tonnage a railway is not an economic possibility. 

Thus one sees what a gap there is between the maximum practical limits of 
head porterage and the minimum economic possibilities of railway transport, 
and here I do believe we have our hand on the very heart of the explanation 
of the delay in the full development of the almost limitless resources of Tropical 
Africa. Let us now consider what means of transport are available to bridge 
or rather to fill in this gap. 

An improvement on head transport is provided by pack donkejrs carrying a 
load of 100-120 lbs., and while it is obvious that the solution of African transport 
is not to be found here, nevertheless the possibilities of this method of carrying 
native produce might well be more fully exploited. In the Gambia a con¬ 
siderable amount of produce is brought to the market by this means, and there 
seems to be no logical reason why this excellent example should not be adopted 
and developed in other parts of Equatorial Africa. In the Gambia the donkeys 
are bred and owned by the natives themselves, and a system has grown up 
under which it has become the custom for the natives to deliver their goods to 
the trader at his selected point—a wharf on the river—instead of the trader 
having to fetch the produce from the village market. This system throws the 
earlier short distance transport on to the producer, who here, as elsewhere in 
Tropical Africa, can do this service more economically than any one else. 
Moreover, it widens the native’s horizon ; it increases the scope of his activities 
and therefore of his requirements. As his needs expand he will increase his 
production proporticoiatdy. 

That Tropical African Bible—the'' Dual Mandate "—to which we all have to 
refer to check our facts and to draw fresh inspiration, gives the cost of head 
transport, when wages are ninepence a day, at 3s. per ton mile. Another way 
of putting it is that the cost per ton mile is approximately four times the daily 
wage. The cost of pack transport is stated to be ** rather less." In con¬ 
sidering these figures, however, there are two important qualifications to be 
borne in mind. The one, which affects both head and pack transport, is the 
inevitable rocketing of wages as the quantities to be carried become important, 
so that ^ possibilities of this form of transport are exhausted before really 
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commercial figures are reached. The other qualification is the practical fact 
that pack transport is at present definitely excluded from those broad belts of 
territory which the tsetse fly rules as his demesne. Camelacan carry a load 
of 480 lbs. and provide another form of pack transport which» upder favourable 
circumstances, is no doubt more efficient than donkey transport, but outside his 
native desert the camel is useless. There are wide expanses of desert within the 
limits of the territory comprised in the term " Tropical Africa/' but generally 
speaking the desert is unproductive, although, of course, large quantities of 
cotton are likely to come from the Sudan. Nevertheless I think that the camel 
is more likely to play a diminishing than an increasing part in the future develop¬ 
ment of transport in Tropical Africa. 

A more efficient and altogether more adequate system is provided by the 
type of ox waggon used and developed in South Africa. These waggons, drawn 
by 16 oxen under the control of a competent white transport rider, will carry 
loads up to 5 tons or even more at a rate of gd. or is. per ton mile over tracks 
the condition of which has to be seen to be believed. Were the climatic con¬ 
ditions but favourable these ox waggons might indeed go a long way towards 
solving the Tropical African problem. But, alas! there are but few parts 
of this territory where cattle are safe from the pests and diseases which play 
such havoc with oxen throughout Africa except on the high table-lands. A 
certain amount of ox waggon transport is to be found in Uganda among the 
South African settlers in that country, but it is too highly specialised a form of 
transport to be adopted by the African negro who, when left to his own devices, 
is not intelligent in his dealings with animals. 

In any case the solution of the problem of the efficient transportation of 
Tropical African produce is not to be looked for in head porters, in pack animals, 
or even in ox or mule waggons. And this brings me to the consideration of 
mechanical transport other than railways. 

At first sight it might be supposed that transport problems are much the 
same wherever they arise and that transport facilities in Equatorial Africa will 
develop along the same channels that experience has selected as the best under 
the competitive conditions of England, though naturally on a scale commen¬ 
surate with the size of Africa. Protagonists of this view look forward to a 
time when the main trunk railways of Central Africa will radiate branches 
into all the more productive centres, which themselves will be interconnected by 
macadamised motor roads on the European model. In short, to those holding 
these ideas the problem is an economic one not calling for any specially new or 
different methods: provided sufficient funds can be begged, borrowed ot 
otherwise acquired, the network of roads and railways.will follow in due course. 
This is a simple and attractive picture, but is it true to life? 

We have in British Tropical Afdca an area of 2} million square miles occupied 
by some 40 million inhabitants. In this country we have a somewhat larger 
population in an area of 120,000 square miles. Simple division shows that 
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an equal density per square mile in Great Britain would be obtained by reducing 
our population from 47 millions to about 2 millions. Moreover, the amount of 
transport used in any country is probably closely proportional to the productive 
capacity of the inhabitants. Now the total trade of the 40 millions in British 
Tropical Africa is valued at 70 million pounds per annum, whereas the trade of 
Great Britain’s 47 million inhabitants is some 2,000 million pounds per annum. 
The productivity and, therefore, ex hypothesi the transport requirements of an 
individual in this country is 24 times greater than the transport requirements 
of a Tropical African. Our 2 million inhabitants of Great Britain, therefore, 
wou^ require some 24 times more transport than the same number of natives 
inhabiting the same area in Tropical Africa. In order to get a true comparison 
our already attenuated population of 2 millions must be still further divided by 
24. It is stimulating to the imagination to reflect on the condition of our roads 
and railways if their construction and maintenance were dependent on the fees 
paid for transportation by a total population numbering some 84,000 souls, 
men, women, and children, distributed throughout the whole length and 
breadth of England, Scotland, Wales and Ireland. Yet that is approximately 
the position of Africa to-day, though even then the worst has not been told, 
because no allowance has been made for the climatic conditions under which 
our hypothetical macadamised roads have to be built and maintained. The 
luxuriant vegetation and the torrential rains of the tropics are deadly obstacles 
to the maintenance of a highway. Not only do I think that the construction 
of macadamised roadS through and across Central Africa to carry heavy motor 
traffic is an impracticable dream, but I will go further and say that if main trans¬ 
port routes like our Watling Street or Dover Road could be laid across Africa 
from East to West and from North to South free, gratis and for nothing, with 
the sole proviso that they should be maintained up to our English standards 
by the districts and colonies which they traversed, even then they would 
prove to be not an asset but an intolerable liability. 

It will be understood that I am not speaking now of the requirements of towns 
nor even of short stretches from one populous centre to another, but of main 
high roads to open up districts and territories which for economic or other reasons 
cannot be tapped by the railway. The future of Tropical African transport 
does not lie along macadamised roads. Railways, yes ! Wherever a railway 
can be made to pay there, let one be put in. The main line railway running 
inland from the coast forms the backbone of the transport system and represtots, 
under our modem conditions, the via militaris of those great colonisers, the 
Romans. Branch lines form the skeleton, and radiating out in every direction 
from each station and halt there will be tracks cleared through the jungle or 
flung across the deserts and prairies. No attempt should be made to provide 
foundations or a macadami^d surface. Drains should be cut where necessary 
to prevent the track becoming a watercourse in the rains, and perhaps a 
spriii]di^;n{ gravel or cruldied laterite might be given where such materials 
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can be cheaply obtained, but real money is, in my opinion, better spent on 
building substantial bridges of stone or reinforced concrete over the streams 
and rivers than, as I think, wasted on an attempt, which can never be realised, 
to provide macadamised highways in Central Africa. 

On the other hand, it is obviously quite impossible to run 4 ton or 6 ton petrol 
driven or steam driven lorries with their solid rubber tyred wheels on a regular 
service over roads which have neither foundations tior even a macadamised 
surface. This is so clearly recognised that laws have been passed in most of 
the tropical colonies absolutely forbidding the use of such vehicles. Speaking 
generally, motor transport used to be restricted to a maximum useful load of 
one ton on a vehicle which must be shod with pneumatic tyres. With the more 
general adoption of six-wheeled vehicles and balloon tyres the permissible 
capacity has in some cases been increased to two tons, and it is conceivable that 
by a multiplication of wheels and an enlargement of tyres, or by a more general 
use of trailers, considerably larger loads might eventually be carried on wheeled 
vehicles. 

I will now shew you one or two slides dealing with the wheel. 

The first illustration, for which I am indebted to the Times, shows a very 
common form of breakdown in the desert. The back wheels of the second 
car have sunk down in a soft patch and any attempt now to drive the car 
forward under its own power will only result in the wheels digging themselves 
in deeper. It is necessary, therefore, to hitch on to the front car, and in all 
probability when that is started up, and takes up the added strain, its two back 
wheels will dig themselves in also. Both cars will then have to be off loaded, 
extricated by hand, loaded up again, perhaps only to run into precisely the 
same situation again a little further on. I will now show you the two latest 
vehicles on wheels designed to meet this and other similar difficulties. 

Slide No. 2 is a photograph of a 24 H.P. 2 ton six-wheel Albion lorry 
supplied to the Crown Agents for use on the Gold Coast, 

We have here a vehicle where the total load is distributed over six wheels 
instead of four, which, making due allowance for the extra weight of the vehicle, 
gives an advantage of about 25 p.c. That is to say, the load on each wheel 
is substantially less than in a four-wheeled lorry of similar carrying capacity. 
Moreover, I draw your attention to the balloon tyres. The disintegrating 
effect on a road of a pnetunatic tyre is very much less than that of a solid rubber 
tyre, more so indeed than their relative sizes would seem to warrant. The 
larger the tyre and the softer it is the less the damage. 

Slide No. 3, Renault 6 twin-wheeler car for desert use. 

This vehicle is the logical expression in a superlative degree of the underlying 
principle of the previous slide. Here we have the load distributed over twelve 
wheels, or at any rate six pairs of twin wheels, all of them shod with balloon 
low pnessure tyres. Furthermore, both back axles are driven, which gives the 
very important advantage that the tendency of driving wheels to dig themselves 
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in is distributed over eight wheels, that is, eight contacts with the ground, 
instead of two as in the conventional type. This is a strictly practical vehicle, 
which has achieved some remarkable results under desert conditions. On the 
other hand, the maintenance of twelve balloon tyres and inner tubes would be 
a heavy expense an3nvhere and particularly so in Tropical Africa, where manu¬ 
factured rubber deteriorates so rapidly. 

There are other types of wheeled vehicles that I might have shown. Traction 
engines developed with a view to gaining the theoretical advantages of very 
big or very broad wheels or, perhaps a combination of both. Then again the 
conventional type of petrol lorry but so arranged that all four wheels are driven 
instead of only the two rear wheels. This latter type has been very successful 
up to a point and is in fairly common use all over the world. But, however 
you wrestle with this problem, there is no escape from the fact that a wheel 
with its small contact, however lightly it may be laden and however soft may 
be the tyre, has a disintegrating effect on the surface it passes over. 

Moreover, I would lay it down as a general proposition that the longer the 
journey the greater must be the load if the cost per ton mile is to be kept down. 
A 7 cwt. Ford delivery van may be very effective dcUvering goods in a town and 
its suburbs, but it is quite useless for the economic transport of produce over 
long distances. Even here round London it hardly pays to send market garden 
produce to Covent Garden in less than 4 and preferably 6 ton lorry loads. How 
much more does this consideration apply to loads of cotton, palm kernels, cocoa 
or ground nuts coming down in Centr^ Africa to railhead or port over distances 
ranging up to 100 or more miles ? 

The crying need of Tropical Africa to-day is an adequate system of cheap 
transport capable of being expanded to meet any reasonable call made upon it 
by districts which are not served by a railway. Under the light of our present 
knowledge it would seem that this demand should be met by motor transport. 
If, however, it is agreed that the economic conditions of Equatorial Africa 
call rather for the heavier types of motor vehicles than the lighter, and, on the 
other hand, it is granted that it is impracticable, as I believe it to be impractic¬ 
able, to provide in Africa the kind of cast iron roads which have been found 
essential for the heavy wheeled motor transport of Europe, then we appear to 
be on the horns of a dilemma from which there is no escape. However, modem 
engineering skill is not easily baffled, and if, for the moment, it is admitted that 
it is not possible in Africa to make the roads to suit the vehicles, there is every 
hope that we are now making vehicles to suit the roads, or rather the lack of 
them. 

I am now about to describe that new type of mechanically propelled vehicle 
mounted on what are popularly known as caterpillar tracks. This method 
pi transport received an enormous publicity and impulse on the appearance of 
the Tanks in 1916, but nevertheless the system was at that time no new one. 
The earliest records we have of attempts to oust the wheel from its supremacy 
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as the most economical method of transporting heavy loads by land—a supre¬ 
macy that had until then reigned unchallenged for many thousands of years— 
date back to the end of the eighteenth century when both in France and 
England efforts were made to find an alternative. Probably these eighteenth 
century inventors had only one clear objective in mind and that was to provide 
a vehicle which would combine the advantages of the wheel with those of its 
predecessor—the sledge— a vehicle which like a sledge could be drawn easily 
over soft and even boggy ground without getting mired and yet would roll 
along a road with no more effort than the equivalent mounted on wheels. 
Unfortunately, their endeavours, though crowned with success as far as the 
first part of this requirement was concerned, broke down completely on the 
second part and far from rolling easily at a touch it required a team of horses to 
pull the empty vehicle along a level road. At that time, of course, animals 
provided the only motive force available, so that any new type of waggon 
requiring a greater tractive effort to draw it than a wheeled waggon of similar 
capacity was damned from the start for commercial transport. Adam Smith, 
writing just about that time in 1770, has, as always, something instructive to 
say:— 

“ A broad-wheeled waggon attended by two men, and drawn by eight horses, 
in about six weeks time carries and brings back between London and Edinburgh 
near four ton weight of goods. Upon two himdred tons of goods, therefore, 
carried by the cheapest land-carriage from London to Edinburgh, there must be 
charged the maintenance of a hundred men for three weeks, and both the 
maintenance, and, what is nearly equal to the maintenance, the wear and tear 
of four hundred horses as well as of fifty great waggons." 

It will readily be understood that the eighteenth century waggoner did not 
adopt with enthusiasm a vehicle which required more horses to draw it than 
his great waggon on wheels. 

Nevertheless, precisely this difficulty—^a greatly increased tractive effort was 
the rock on which for one hundred years and more inventions came to wreck. 
With the general adoption of mechanically-propelled road vehicles the cost of 
motive power became a less overwhelming consideration but still great tractive 
effort postulates great friction and friction means destruction. It is notorious 
that the life of the tracks of the original Tanks was only a few miles and the road 
resistance was in the neighbourhood of 600 or 700 lbs. per ton as compared with 
the 5 lbs. per ton of a railway waggon or the 60 lbs. per ton of a motor lorry on 
a good hard road. It is true that the road resistance of a wheeled vehicle rises 
rapidly as the surface deteriorates until on soft grass land or earth loosely 
ploughed, it will register up to 350-400 lbs. per ton. Indeed, under some con¬ 
ditions the vehicle will be absolutely stalled. But imtil such surfaces are reached 
the wheel is superior to the type of track that I have described hitherto—that 
is to say a rigid track consisting of plates hinged together in such a way that 
movement is restricted to one plane. Such a track is incapable o'f adapting 
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itself to the ordinary irregularities in its path, and enough power hu to be 
provided simply to brutalise them out of existence. The full effects and reasons 
of this phenomenon were not properly appreciated nor were adequate efforts 
made to overcome them until, in 1900, Diplock developed his Pedrail. The 
latter part of Diplock's life was devoted to perfecting a vehicle of the trade 
character, the underlying prindple of which was to allow individual and 
universal movement in each foot or plate of the track. He was the first dearly 
to recognise that until a perfectly flexible track had been devdoped—one which 
would adapt itsdf to all the minor irregularities and unevennesses of its road— 
no vehide could be made on this system which could compete commerdally 
for tAmsport with the whed. 

There are sometimes conditions in agriculture and forestry where the ground 
is of so plastic a quahty that it will readily conform to the rigid track, where 
the question of speed does not arise, and where the percentage of the power 
firom the engine available at the draw bar is not of importance, that provide a 
limited fidd of usefulness for a rigid track machine which, with all its faults, 
will at least stay on the surface and haul when the driving wheels of a con¬ 
ventional traction engine would be spinning round and digging themselves in. 
But where cost per ton mile is the dominating consideration, where compara- 
tivdy high speeds are desired and destruction of the surface traversed cannot 
be tolerated—in short, where transport as a common carrier is the end in view 
and not agricultural processes such as ploughing, etc., or haulage work in a 
limited area—then some adaptation, devdopment or improvement of Diplock’s 
idea of a flexible track is essential. 

Remembering that this is a paper on transport in Tropical Africa and not on 
the mechanical development of track vehides, I have to resist the temptation 
to discuss this feature further in intimate detail. I feel, however, that no 
reference to track vehides can be made without explaining the vital importance 
of resilience and flexibility in the track mechanism of any sudi machines required 
for transport work. 

Practical vehides have now been designed which embody this flexibility of 
trade and which can, therefore, be propelled with no greater consumption of 
power than a wheded lorry of the same size on a hard road and I will now drew 
you a few illustrations. 

Slide No. 4, one ton Guy Lorry for the Empire Cotton Growing Corporation. 

The Empire Cotton Growing Corporation in its endeavours to increase the 
production of Empire grown cotton has, amongst its many other activities, 
taken up this question of transport and here is shewn one of the Corporation's 
pnrdiases—a 25 cwt. Guy Lorry mounted on the trade system devdoped by 
Roadless Traction, Ltd. This vdiide in so far as the radiator, engine, gear box, 
chassis, propeller shaft, differential and back axles are concerned, consists of a 
standard type 25 cwt. Guy Lorry. The front wheels and the steering are also 
standard, though they are relieved of a substantial proportion of the wei^t 
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which they would carry in a normal 4 wheeled vehicle, part of the weight being 
thrown back on to the special tracks forming the novel feature of this type of 
lorry. 

On the back axle two sprockets of a special design are mounted, which drive 
a belt of steel plates forged out of the solid. This endless belt of steel plates 
or feet driven by the sprockets on either side of the vehicle are about broad 
and run on two idlers about 4 feet centres from the driving sprockets on the 
back axle. The feet are hinged together by means of a special type of flexible 
joint which permits of universal movement, limited in extent but sufficient to 
enable the vehicle to turn on a radius of 15 feet without skidding. The 
sprockets and the idlers, together with that portion of the endless belt of 
feet surrounding them, do not normally come into contact with the ground. 

The weight of the vehicle is carried on one four-wheeled bogie a side. The 
bogies are connected across the frame by a tubular cross axle mounted on the 
vehicle springs. The bogie wheels are tyred with solid rubber and run on the 
inside of the track. Each bogie is mounted on a ball joint giving universal 
movement limited by stops. 

In actual demonstration the vehicle is found to run comparatively silently 
at a speed of 12 or 15 miles an hour on top gear. Road resistance is low and 
seems very little greater than that of an ordinary lorry on four wheels. A 
laden vehicle ran by its own weight, with the clutch out and the engine stopped, 
on a slope of one in 35. 

Slide No. 5, Sentinel Roadless Tractor. 

Here again we have the same type of track but fitted to a steam driven 
vehicle of the well-known Sentinel Steam Waggon Company of Shrewsbury. 
This is, of course, a bigger and heavier vehicle than that shown in the previous 
slide, but the principles embodied in the track are precisely the same. 

Slide No. 6, Citroen Kegresse Car. 

No description of track vehicles would be complete without a reference to 
the well-known trans-Sahara Citroen Kegresse Cars. The chief difference 
between this and the type previously illustrated is that here the track is made of 
a rubber composition so that the necessary flexibility is obtained without the 
introduction of metal joints. 

Slide No. 7, Citroen Kegresse. 

This view shows the vehicle crossing a swamp under conditions quite 
imp>ossible for a wheeled vehicle. 

Slide No. 8, Citroen Kegresse crossing a ditch. 

Here we find very well illustrated the manner in which this modem type of 
track vehicle is capable of adapting itself to difficult country impassable to a 
wheeled vehicle. 

There is now just one further point that I wish to make in regard to track 
vehicles in general. It was in 1916, on the appearance of the Tanks, that the 
first grand scale demonstration of the possibilities of this system was advertised 
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to the world. The occasion was so important and the circumstances so 
dramatic that an indelible impression was created upon the minds of men. 
The wonderful exploits of these Juggernauts and their power to overcome 
seemingly impossible obstacles—to pudi down houses and to trample barbed- 
wire entanglements under foot—to dimb in and out of shell holes half full of 
water; to take broken guns and German pill boxes in their stride, and, in short, 
to perform all sorts of spectacular feats—^have come to be accepted as inevitable 
functions of such vehicles, and far more important and valuable attributes, from 
the point of view of commercial transport, are, perhaps, in consequence, apt to 
be lopt sight of. It is a far better thing for a lorry, destined for industrial 
transport, to be able to pass fully laden over a soft track without cutting it 
up than to be able to push down a house : to pull a heavy load up a steep grassy 
slope without skidding than to take a six-foot trench : to register a low road 
resistance than to be impervious to rifle lire: and it is on this note of sober 
commercial usefulness that I wish to lay emphasis rather than on the more 
vivid characteristics required for war. 

It is, in my opinion, to the use of these—and of other yet to be designed— 
track vehicles that we must look for the bridging of that ** economic gap 
in the transport systems of Tropical Africa to which I began by directing your 
attention. To bring loo tons per month over a distance of loo miles by present 
methods has been shown to be commercially impossible. Yet this is the sort 
of quantity and distance which, with increasing frequency, will present itself 
to be dealt with. Railways are too expensive, wheels are impossible without 
suitable roads, which are impracticable. The vehicle mounted on tracks offers 
a solution, though much, no doubt, remains to be done before these pioneers 
reach their full development. There are, however, mechanical resources which 
have as yet been hardly touched, and eager competitors ready to seize and adopt 
the lessons taught by practical use under tropical conditions. Success, ever 
more complete, resolves itself into a question of time. 


DISCUSSION. 

The Rt. Hon. Sir Frederick Lugard, G.C.M.G., C.B., D.S.O., said he proposed 
to confine himself to that side of the question on which he was best qualified to 
speak, nan^ely, what was wanted in Africa in the way of transport. Mr. Ormsby- 
Gore, the Under Secretary of State, in giving an account to the African Society 
of his experiences in East Africa, had summed up the development of Africa in 
two words : transportation and population. Produce to be transported de^^nded 
on population for its production; and labour for constructing railways and loads 
or other forms of transport also depended on population. On the other hand, 
however dense and industrious the population might be, it would be useless for it 
to produce unless it could get its produce to a port, and under present conditions 
the larger the bulk of that produce the greater the number of men who were with¬ 
drawn from productive enterprise to carry it on their heads to the nearest port. It 
had been csdculated that produce worth £$0 a ton would cost the whole of that 
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sum to convpy, by present methods, 200 miles, which meant that it was impossible 
to convey it by head carriage more than that distance. The only existing cheap 
method of transportation was by waterway, in Southern Nigeria there was a 
network of small creeks, on which canoes were largely used, but such produce as 
they transported was invariably considerably damaged. African rivers were exceed¬ 
ingly ^innavigable; they were generally impeded at their mouths by bars, and 
at a comparatively short distance from the coast by rapids. They were only 
navigable by steamers of any size for a few months of the year. 

The first need of Africa was arterial railways. A few days ago Sir John Eaglesome 
delivered a lecture at Leeds on the subject of African transport which would shortly 
be published in the Journal of the Institute of Transport, and gave some striking 
figures of the development due to railways. In Uganda, for instance, the output 
of cotton three or four years ago was 40,000 bales; for the present year it was 
expected to be 2oo,ck>o. Sir John also said the General Manager of the Nigerian 
railway had told him that he expected a gross revenue of £2,000,000 and a net 
revenue of 1,000,000. Those were large figures, and the benefit accrued not only 
to British trade but also to the natives. Sir Humphrey Leggett had said that 
the native cotton producers in Uganda would receive ;£3,ooo,ooo, and the cocoa of 
the Gold Coast was worth ;£6,ooo,ooo to the natives. Arterial railways were being 
constructed by the various colonial governments as fast as they could find the 
funds. The problem was how to feed them. It was said that roads should be 
made in Africa, but personally he strongly endorsed the lecturer's view that roads 
were impracticable. What was called in India the kntcha road—^the mere track— 
would develop itself after the railway was constructed. The question was how 
those tracks should be made. He thought the first things required were bridges 
and culverts, with some clearing of the bush between them, and then a vehicle 
adapted to using such a track and which, instead of cutting it up, would improve 
it. The Diplock Pedrail seemed the best vehicle for that purpose he had seen up 
to the present, because the breadth of the revolving pad was greater than anything 
offered by vehicles which ran on an endless band. One such vehicle which the 
author mentioned had a band ii inches in width, but if these vehicles followed 
each other in succession even an ii inch band would plough up the tracks and 
create what, in the first tropical rain, would become a rut. What was wanted was 
something which would go over the ground like a roller. The broader the revolving 
band the better, because the vehicle would then improve the track instead of 
cutting it up. Another point about the Pedrail was that it could turn in a very 
narrow radius. A vehicle was wanted which had the weight well distributed, 
which would cross swampy land where there were 18 inches or 2 feet of water, which 
would carry about 2 tons and which would not be too heavy for the bridges which 
could be made. 

The next problem, not less important, was that of fuel. Sir John Eaglesome 
in his paper spoke very highly of producer gas. Experiments had recently been 
made in the Gold Coast with the production of alcohol, and the Citroen cars which 
went to Lake Chad recently used palm oil. He hoped the subject of fuel would be 
explored by the Committee of the Empire Cotton Growing Corporation of which 
the author was a member, for it was as important and as difficult as anything 
connected with the question of transport in Africa. 


Sir Robert Hamilton, M.P., said that, though not an expert in matters of road 
transport, he had spent the best part of his life in West and East Africa imd had seen 
the difficulties experience there owing to inefficient transport. He congratulated 
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the author on the extremely practical nature of his paper. The extent to which 
inefficient transport impeded the development of our African colonies was not 
sufficiently recognised. Every man engaged in carrying a load on his head stood 
in the way of the development of the country from two points of view ; in the 
first pla<^, he was not producing anything himself, and, secondly, so long as it was 
attempted to get the produce of the country conveyed by head transport, there 
was little encouragement to the producer on a bi^ scale to get on with his work. It 
was, therefore, of the utmost importance that efficient means of transport should 
be found. 

He endorsed what the author had said with regard to macadamised roads. It 
was generally accepted nowadays that macadamised roads in Africa as feeders to 
railwap^ were very expensive and not likely, owing to the cost of upkeep, to be 
efficient. Some other method had therefore to be found, and that advocated by 
the author consisted, not in having a good road, but in having a good vehicle which 
could use a cleared track. Personally, he thought that line was the right one; if 
one could not get a good road, but had to use an unequal, rough road, with swamps, 
and so on, one must get a car which would fit such a track. 

He would like to know by whom cars such as the author described were being 
made. During a recent tour of South Africa, he had been astonished to find 
that 90 per cent, of the cars in use there were not of British manufacture, the 
reason being that British cars were not suitable for South African conditions. There 
seemed to be a great field open for the manufacture of such cars and tractors as the 
author had mentioned, and he hoped British manufacturers would avail themselves 
to the full of the opportunity. 

Mr. G. H. Baillie said he had been associated with the author in investigating, 
for the Empire Cotton Growing Corporation, the question of African transport. 
Mr. Brackenbury had brought out most clearly the gap which existed in means of 
transport in Africa, and the urgent need of filling that gap. Nobody was more 
alive to the necessity of doing so than the Empire Cotton Growing Q>rporation. 
and, as the Corporation would be the first to run the track type of vehicle described 
by the author under strictly commercial conditions, he thought a few details of the 
experiments it was making might be of interest. 

The Corporation had set itself the task of increasing the supply of Empire-grown 
cotton, to replace the diminishing American supply. Areas suitable for growing 
cotton which were at present served by any form of transport were very limited, 
whereas those not so served were practically unlimited. Their development 
depended entirely on transport, and tr^port, therefore, was a big factor in the 
work of the Corporation. Until a district had reached a point in its development 
when a railway became feasible economically, everything pointed to a vehicle 
of the track type as providing the best possible solution of the transport problem. 
The difficulty was that no vehicle of that type had ever been run under commercial 
conditions. Heavy tractors of the caterpillar type had, it was true, been used for 
a long time, especially in America, and were invaluable for difficult haulage work, 
but they were quite unsuited for ordinary transport work where the cost per ton- 
mile was the all-important factor. The vehicle made by the Roadless Traction 
Company could be seen running by any one interested. It could carry out most 
remarkable stunts," but the question was whether it could run regularly and show 
a commercial cost per ton-mile when doing steady, slogging transport work. That 
was what the Empire Cotton Growring Corporation was going to find out, by testing, 
under actual conditions of transporting cotton, any type of vehicle likely to show 
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good commercial results. It intended to test not merely one vehicle but the whole 
t3rpe, to see whether that type, or improvements of that type, would eventually 
hi^me commercially successful. He was sure the results of those experiments 
would be awaited with interest by all who had to do with African t ansport. 

Sir Frederick Lugard had referred to the question of fuel. That question had 
already received the closest attention of the Corporation, which intended to try 
certain fuels such as charcoal fuel used in a gas producer and locally-produced 
alcohol. For the present, however, it was keeping to the wise policy of one thing 
at a time. 

A point which militated to some extent against the track vehicle was its initial 
cost. If a lorry could be run a hundred miles a day with a full load it would not 
matter what it cost, because the capital charges would work out at about a penny 
a mile, but the actual conditions of operation were very different, especially in the 
case of cotton, which was a seasonal industry requiring transport for only some 
four months in the year. A lorry intended primarily for cotton would do other 
work for the rest of the year, but it was hound to be idle, or running on light loads, 
for a considerable portion of the time, and capital charges formed an important 
item in the cost per ton-mile. A low initial cost for the vehicle was, therefore, 
essential if it were to come into general use. He hoped some manufacturer would 
do for the heavy lorry what Ford, Morris and Citroen had done for the touring 
car, and that, as a result of the pa er, people would no longer regard track vehicles 
as queer freaks, but would realise that they had great possibilities. 

R. P. H. Johnson, C.B.E., D.S.O., M.I.M.E. (Joint Managing Director, 
Roadless Tracti('n, Ltd.) thought that, just as at the present time the introduction 
of steam was regarded as having contributed materially to the regeneration of 
Europe after the Napoleonic wars, so in the future people would look on the intro¬ 
duction of efficient means of cross-country transport as having contributed very 
materially to the economic recovery of the world after the war of 914-1918. He 
ventured to think that, though the author was dealing only with tropical Africa, 
his remarks had world-wide application. Personally, he thought there were road¬ 
less problems even in this country. He agreed with what the author said as to the 
limitations of wheeled vehicles, though the very light, pneumatic-tyred type of 
vehicle which could traverse comparatively bad surfaces could accomplish useful 
work. On the other hand, the cost per ton-mile when dealing with such small 
quantities was invariably high. 

He had attended, the previous week, some trials organised by the War Office 
in Dorset, for which, in addition to track vehicles, a number of wheeled vehicles 
—six wheels, four driven, and so on—^wer j entered. He thought every one who 
witnessed those trials had been convinced of the definite superiority of track over 
wheeled vehicles. The course was undoubtedly severe, but in many places no 
worse than would be found in tropical Africa. Broadly speaking, there were two 
classes of track vehicles, both of which had been referred to by the author. One 
had an all-metal track, and the other a track made of rubber and fabric. He 
thought there was a big field for both types, certain conditions rendering one type 
suitable and others the other. It was probable that in future yet other types would 
be developed. The types of tracks and of roadless vehicles which would be developed 
were simply limited by the variety of the conditions to be met. It was a law 
of evolution that, until the necessary conditions were met, evolution must proceed, 
and, just as conditions ofE the roads were more varied than conditions on them, 
so there would probably be a greater variety of roadless vehicles than 
of road vehicles. 
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In regard to the question of cost, he wished to make a suggestion which he 
thought would be useful from the military standpoint. He suggested the War 
Office should hold trials rather different from those held the previous week. The 
latter were designed to show which was the best type of vehicle to traverse a certain 
very difficult course; he suggested the next tri^ should be organised on a basis 
of cost' per ton-mile. It might be thought that the military authorities were not 
interested in cost per ton-mile, but he believed they were. They could not maintain 
during peace the number of vehicles they would require in case of war, and if 
there were no manufacturing organisation capable of producing those vehicles 
they would have nothing to fall back on. It was in their interest to develop a 
commercial vehicle of the kind in question, and if they organised trials on the 
basis of cost per ton-mile, and the figures obtained were circulated all over the 
wor^jj, they would be read with great interest by people like mining and plan¬ 
tation managers and engineers, who, if they found them lower than their present 
figures, would consider the possibility of utilising the new vehicles. Apart from 
that, it would assist the manufacturers, the export trade, and the development of the 
Empire. He thought the trials should be firstly on the basis of cost" per ton-mile, 
and secondly—a very important point—on lack of damage to the surface traversed. 
He hoped the Chairman would bring the matter to the notice of the War Office. 

The question of cost per ton-mile had been raised. The author had not dealt 
with it in detail, and it was difficult to do so, because it was necessary first to know 
the conditions, and the conditions were almost infir itely varied Broadly speaking, 
he thought the cost per ton-mile of the roadless vehicle would be* much the same 
as for a similar type on wheels with similar weight-carrying capacity on a fair 
road. The roadless vehicle would be rather more expensive to run, and its first 
cost would be higher, especially to start with, when very few of them were 
being manufactured, but the greater adhesion obtained by the use of tracks instead 
of wheels would give it a capacity for hauling a load which the wheeled vehicle on 
roads did not possess, and could not utilise if it did owing to the limitations* 
imposed by the road and the traffic on it. The “cost per ton-mile must, of 
course, vary with the bulk of the load, as was the case with railways and steam¬ 
ships : the larger the paying load, the less the cost per ton-mile. He thought, 
therefore, that in the near future very large types of roadless vehicles would be 
demanded. One limitation to that process was the carrying capacity of bridges, 
and he suggested that when any one decided to build a bridge in d'ropical Africa to 
carry a certain weight he should think again and double it. . 

The author had referred to the Sentinel tractor, which had a haulage capacity 
of about 20 tons net load, the drawbar pull being about 6 tons. The Sentinel 
people had worked out the cost of that, including overhead charges, depreciation, 
interest on capital and all running charges, and allowing for a 20 tons net load for a 
reasonable number of working days in the year, as i|d. per ton-fnilc. He was 
certain that figure needed considerable adjustment for work in Tropical Africa, 
and thought 3d. per ton-mile, or at most 4d., would probably be a fair figure, but 
that would only apply on the basis of hauling 20 tons at a time ; for smaller loads it 
would be more expensive. Wherever it was possible to run the heavier type of 
vehicle, and suitable loads were available, the cost per ton-mile would naturally be 
low ; but he thought even the smaller types would be able to compete with head 
porters, pack animals and the less efficient forms of animal transport, thus 
leaving the labour and the animals of the country free for other purposes. 

Colonel Sir Sydney Crookshank, K.C.M.G., C.B., C.I.E., said that on the 
Gold Coast (including its Dependencies) the transportation problem was practically 
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confined to the railway, which was of 3' 6^ gauge, and the road. Far from restricting 
the development of tiie road S3rstems, the authorities, as far as he knew, intended 
to expand them on a large scale. It was found that what were called in India 
kutcha roads, that is to say, roads surfaced with laterite gravel, were able to stand 
up to traffic amounting to as many as 800 motor vehicles per diem during the 
cocoa season on certain sections. With traffic as heavy as that the laterite road 
was expensive to maintain, but by renewing the surface with 3-inch macadam, 
tarred on the penetration method, its life could be greatly prolonged, and the 
maintenance costs could be reduced from ;fi2o a mile to, perhaps, or 
per mile per annum. Traffic could, at the same time, be considerably increas^ 
when the road was so treated. The Government was, he was given to understand, 
about to spend up to something like /i,000,000 in tar-matting the main trade 
roads and in road development generally. Firms on the Gold Coast had recently 
experimented with the “ creeper ** motor vehicle, but, though no doubt it was useful 
under certain conditions, it had to give way to the ordinary wheeled vehicle 
when the volume of traffic increased, and for that reason there did not seem to be 
any great future for that form of transportation in the Colony. It had been found 
that as soon as a road was passable for mechanical road transport—i.e., as soon 
as it had bridges and was open even to track wheel motor transport—the demand 
for faster traffic grew to such an extent that it became necessary to macadamise 
the road with laterite or metal in due course. 

Motor road transport on the Gold Coast had developed some rather interesting 
features. Hitherto it had been considered that 40 to 50 miles from railhead 
was as far as it was economically possible to carry agricultural produce by road. 
It had now been discovered that with commodities like cocoa, road transport 
could advantageously extend over far greater distances—up to 100 miles—at 
a cost of lod. per ton-mile (excluding overhead charges), which, on the Gold Coast, 
compared very favourably with rail transport, since the latter involved handling 
at both ends and delivery charges in addition to the ordinary railway freightage. 
There was no occasion to fear competition between road and rail transport. 

He wished to urge the Empire Cotton Growing Corporation to give its attention 
to the Gold Coast, where there was a field for cotton growing capable of immense 
development. At present there was no irrigation, but he was certain there were 
opportunities for irrigation and cotton growing. Due consideration should be 
given to the important part which road construction and development played 
in countries like India and Africa. Much depended on the materials available, 
and where such materials were not to be had cheaply, road construction would not 
be a paying proposition. In some parts of Africa, however, there was a very 
great future before the development of roads. 

Sir William M. Acworth, K.C.S.I., said his knowledge of tropical conditions 
had been gained by looking out of the window of a saloon carriage during some 
ten thousand miles of travel. From what he had seen in that way he had come to 
two conclusions. In the first place, he saw that it would be impossible to build 
railways sufficient to gridiron the country to the extent that was necessary; 
secondly, he came to the conclusion that a road that would stand up to heavy motor 
transport would be about as expensive as a railway. Sir Sydney Crootehank’s 
remarks had rather startled him ; ' if, on the Gold Coast, roads which were 
made with very little preparation would, stand up to 800 lorries per diem at an 
expenditure of per annum, that seemed to alter the conditions altogether. 
He. thought the Gold Coast experience should be made available, *at the public 
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expense, to all the road surveyors in England, for they would be, able to save 
millions a year ! 

Personally, he had formed the conclusion exactly contrary to Sir Sydney’s, 
namely that roads were impossible, because, having regard to their cost, they could 
not be builc close enough together; one would have to go across country for a 
good mnxiy miles to get to a road or a railway. 

He had been invited to see a roadless tank before it developed fr'm a tank into 
a commercial vehicle. He sat on the conning tower and went across fairly rough 
country at 25 miles an hour. It had been an absolute revelation to him, and 
afterwards he had had the effrontery to tell a firm of motor manufacturers of his 
acquaint nee that they ought to go in for tanks, as they were the machines of the 
future. He had also said to railway men, not only in Africa but in the Argentine; 
that t|ie day of railway development by means of light railways was, in his judgment, 
over, and that serious consideration should be given to the question l^fore any 
more were built. 

Light railways were handicapped by a considerable capital expenditure, which 
the author put at £5^000 per mile. That meant £300 a year for interest, and another 
£200 a year must be added for maintenance, irrespective of the amount of traffic 
carried. That meant £500 a year to have the railway there ready for use, and in 
addition to that there were the expenses of carriage. The author spok*? of 1,000 
tons per mile per month. On the basis of £^00 for getting the railway there, that 
was about lod. a ton-mile. Then there would be the carriage, which would not 
be less than 4d. He did not believe it was good business to spend money on 
railways if they would not be remunerative within a reasonable number of years. 
He knew of a railway which had been open fifteen or twenty-years, and which 
carried one train each way every other day. One was not justified in building a 
railway under such conditions. The railways most people were accustomed to 
carried goods in both directions. Rhodesia, which was a tropical country, had a 
considerable import traffic over long distances, because it had a white population, 
and a white population would buy manufactured goods in large quantities; but 
the native would probably import litile but beads and cotton handkerchiefs ; 
the importation up country must be very small. With regard to the t affic down, 
he could not pretend to estimate the pr^uction of different tropical commodities, 
but he was sure it must be very small for the area. 

To take an instance with which every one would be familiar, a wheat field produced 
4 quarters to the acre, or about | ton. A square mile, 640 acres, would produce 
about 450 tons of wheat in a year, say, two train loads. If one considered what a 
railway ought to carry to make it of any use, it was quite obvious that, to get suffi¬ 
cient traffic to justify it, it must serve eitiier thick traffic close to it or a wide 
area. If it were a question of serving a wide area, he was convinced that the 
track vehicle would be able to compete successfully with the road. He was 
grateful to the author for having supported what he himself had urged without 
one-tenth of the knowledge behind him which the author had. 

The question of bridges had been mentioned. Bridges in a tropical country 
liable to floods were an expensive item. Some time ago he spent a summer near a 
little creek on the coast of Brittany where the tide rose about 40 feet, which 
approximated to the flooding of a river in the monsoon period. A bridge was 
used which spanned the stream which came down in normal times; when there 
was a flood (t.s., when the tide rose) it was impossible to cross. It might be worth 
while to save a gTvat deal of money when building bridges over some tropical 
streams to erect one which would be expected to be out of use for four 
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or five weeks in the year, but which would be all right for the rest of the time. 
He had never heard that idea suggested by English engineers, but it would save 
an enormous amount of mone>^ 


Lt.*Col. F. 1 ). Hammond, C.B.E., D.S.O., agreed with all the author had said, 
but wished to join issue with Sir Sydney Crookshank. Personally, he had been 
struck, in all the parts of Africa he had visited, by the fact that the problem of 
feeders to railways had never yet been properly solved. Great things had been 
done in the matter of transporting cocoa on the Gold Coast with light lorries (to 
the im|X>rtance of which the author did not, perhaps, give sufficient credit), but he 
did not think they possessed all the merits Sir Sydney claimed for them. Sir 
Sydney’s figure of lod. per ton-mile must be rather exceptional; the best figure 
he himself had met, with was 9d., and that for a large corporation which had a 
heavy load in both directions ; moreover, the 9d. did not include the damage done 
to the road. Tenpence per ton-mile, however, was a very high cost; very few raw 
materials could stand it over a long distance. 

If the gap to which the author alluded were to be bridged by means of track 
vehicles, there were two points to which those who manufactured them should 
give special attention. Firstly, if cheapness of operation was desired there must 
be haulage as well as load on the vehicle, and, secondly, the machine must be as 
foolproof as possible. 


Captain Frederic Shelford, M.Inst.C.E., wished to repudiate Sir William 
Acworth's suggestion that no one had over thought of making a bridge across a 
river which would be submerged for part of the time. In Cyprus, where he had 
built a railway for the Colonial Office, two or three rivers were encountered which 
were almost dry for nine months in the year, but which were half a mile to a mile 
w'ide when in fioo 1 . It was decided that the best method of bridging them was to 
make a causeway, and so a low causeway was built. When the rivers were in flood 
the water ran over the causeway, but at other times trains could cross. 


Mr. Brackenbury, in reply to the discussion, said Sir Sydney Crookshank had 
spoken about roads on the Gold Coast, but it must be remembered that the Gold 
G>ast was a very shallow colony ; it did not run back any distance from the coast. 
Moreover, the type of “ creeper ” vehicle Sir Sydney described was not the modern 
type at all. In his paper he had drawn a clear distinction between those with 
rigid and those with flexible tracks. As Sir William Acworth had stated, the 
flexible track type would travel at 25 miles an hour—as fast as any lorry. The 
great difference between the two types of vehicles was that the flexible track 
vehicle would carry a big load, whereas the wheeled vehicle could only cany^ a 
comparatively small one. For carrying produce, particularly over long distances, 
there was no doubt that the loads must be more than 2 or 3 tons ; they ^ould be 
in the neighbourhood of 10 or 13 tons—a tractor carrying not less than 6 tons with 
trailers behind it. Even in England it had been found that small capacity loiries 
could not be used economically unless the distances concerned w'ere very short. 

.Mr. Johnson’s suggestion that the War Office should encourage the develop¬ 
ment of vehicles for commercial rather than strictly military purposes, with the 
idea that if war broke out they could be used for transport purposes, was, he thought, 
excellent, though he doubted whether a fighting service was well equjpped to deal 
with such an essentially commercial question as cost per fiiii-mile. 
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The Chairman (Major-General Sir Ernest Swinton), who had to .curtail his 
concluding remarks owing to pressure of time, said that he was sure that the 
audience had been greatly impressed by the lecturer's presentation of the subject 
from the point of view of population density, and by the manner in which he had 
made it dear that in those regions where transport was in urgent demand, but the 
existing volume and lack of regularity of traffic did not justify the cost of providing 
roads or railwa3rs, some intermediate means between the latter and the 
primitive methods of human or animal carriage fnust be sought. 

There was a sa3dng that if the mountain could not go to Mahomet, Mahomet 
would have to go to the mountain. In transport matters our efforts in the past 
had usually been directed to making our mountain—the surface of the earth,suitable 
to Mahomet—our vehides. But when this could not be done economically it was 
surely Wise to try to adapt our vehicles to suit the surface. 

This would apply, as had been so well brought out, to the embryonic and 
comparatively puny feeder communications leading to the main arterial systems of 
roads and railways, which like large rivers would convey the traffic accumulated 
from their tributary streams of less capacity and varying tyjpe. In the course of 
time many of these feeders might eventually themselves become consolidated and 
move up in the scale of transport evolution. 

At the moment the opening up of Africa, the country with which Mr. Brackenbury 
was concerned, with its great economic future, was absorbing much attention, 
especially in the direction under consideration. Above the ground air routes were 
being established by the French. On the ground, in addition to railway and road 
constniction, various cross-country pioneer experimental expeditions had been 
carried out and were going on. There was the recent wheeled motor car journey 
of Mr. Galton Fenzi across Tanganyika and Kenya, and that in progress from the 
Cape to Cairo of Major Court Treatt. The French were very active. At the 
beginning of last year M. Haardt had carried out the Trans-Saharan trip to 
Timbuctoo and back in Citroen-Kegresse caterpillar-track motor cars. The 
success of this had led to the organisation of a regular service of similar machines 
to and from Timbuctoo, the inauguration of which had been postponed for reasons 
unconnected with transport. Amongst other expeditions was that of Captain 
Delingette, whose party in motor cars had reached Irumu in the Belgian 
Congo, on its way to Nairobi and Cape Town. On the whole the French seemed 
to be much alive to the necessity for experimenting in new methods applicable to 
the particular conditions of the great continent in which both countries had so 
large an interest. 

On the military side the subject was also attracting interest. Comprehensive 
trials had just been carried out by the War Office of wheeled, tracked, and half- 
tracked machines for cross-country transport as apart from fighting, which, though 
for a special purpose, should be helpful in regard to the commercial problem. 

It had been most valuable to hear the views of a man like Mr. Brackenbury, who 
not only knew the technical side of what he was discussing, but was also possessed 
of an analytic mind and constructive imagination. It was to be hoped that what 
he had said would stimulate some practical steps. He had great pleasure in 
proposing a hearty vote of thanks to Mr. Brackenbury for his paper. 

Sir Humphrey Leggett, D.S.O., seconded the vote of thanks to the author 
and proposed one to .the Chairman, who was certainly a leading authority in the 
British Empire on the problem of cross-country transport, or, as he had just put 
it, of adapting the' vdnde to the surface when it was not possible for one reason or 
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another, cosf'or what not, to adapt the surface to the vehicle. They had that 
day been listening to ideas that were a really constructive piece of Empire building. 
With an irresistible logic, and sober business argument—^the argument of the cost per 
ton-mile—^Mr. Brackenbury had shown that there was a vital gap, to be bridged 
between the potential producer of the world's needs of foodstuffs and raw materials 
in Tropical Africa, and the arterial lines of the world's communications. Unless 
and until the gap was bridged, those potential producers were blanketted, and he 
would add that they were largely blanketted also as to their power to be buyers 
and consumers of the goods made in the factories at home. The need to develop 
this production, and the recip *ocal capacity for consumption, was never greater than 
it was to-day, and what the potentialities in this direction were could be read in 
Sir Frederick Lugard's great book, “The Dual Mandate," which showed vividly the 
increasing dependence they all had upon the development of Tropical Africa, our 
duty to those regions and their inhabitants, and their duty to the rest of the world 
in return. 

Mr. Brackenbury hal shown them how tlie problem was already being 
experimented with, but obviously much remained to be done, and no doubt it never 
could be finally done, for there would always be scop 3 for improvement. Much 
patient work, directed with vision and enthusiasm, was required. He remembered 
his first interview with Mr. Brackenbury ten years ago, in the private paddock 
of the Bishop of London, at Fulham Palace, where the lecturer was engaged in 
experimental work, on the orders of Mr. Winston Churchill, on a form of caterpillar 
tractor, to carry heavy guns, etc., over piles of broken bricks and other such bunkers. 
It was patient and systematic experimental work like that that was so much 
needed for the solving of the problem of the “ transport gap " in Tropical Africa. 

He respectfully commended a suggestion to those who had influence with the 
authorities responsible for the welfare and future of Africa. Barely a fortnight ago 
the present Under Secretary of State for the Colonies, Mr. Ormsby-Gore, in a public 
speech, adumbrated a programme of railway development in the East African group 
of countries that would cost, the speaker thought, about ten millions sterling over 
the next five to ten years. He was not aware of the West African programmej 
but it might be as large. And no one would say that these p-ojccts were not 
justified, and indeed necessary, for the\' would add vastly to the productive and 
consuming powers of those countries. But they would not in themselves bridge 
the transport gap between the producer and the arterial lines of communication. 
Only cross-country transport, economical and efficient in type and design, could do 
this, as the logic of the lecturer had shown. Such cross-country transport was, in 
fact, the feeder of the railway lines, and the solution of the problem meant ngiore 
traffic and revenue to the railways. Was it then too much to suggest that, say, 
a mere one per cent, of what was to be spent upon these railway lines should be 
set aside for concurrent, thorough, persistent and continuous research and experi¬ 
mentation of the cross-country transport problem } Let them think what work 
could be done, and what results should be possible, if a fund of say 100,000— 
one per cent, only of the ten millions—^were placed at the disposal of a standing 
ad hoc committee, empowered to experiment and test in every way, under an expert 
director, in the same way as the foundations of aircraft manufacture were laid by 
the War Office aircraft experimental station and factory at Aldershot before the 
war. He did hot suggest that the proposed fund, and the control of the cross¬ 
country transport experimental work, should be under the War Office, for though 
that department might be glad to take a hand, the essence was that the work should 
be on the commercial plane, first, second and all the rime. He knew that some- 
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thing of the kind was being done by the Empire Cotton Corporation—Mr. 
Brackenbury had mentioned that—and no doubt it was useful, but he did say that 
the problem was so vital, and the results of its solution would be so gigantic, that it 
was woith much more expense and effort than could possibly be put into it by a 
sub-committee of the Empire Cotton Corporation, with its necessarily very limited 
funds. That was a task that must take years, and even when partly solved could 
always be improved upon, and the work should be continuous and not allowed to 
drop. Speaking as a business man, he could hardly conceive of the railway adminis¬ 
tration that would not be glad to devote one per cent, of its resources to research 
work that should double or treble its revenue, not once but for all time. Might 
he venture the hope that that suggestion would receive consideration ? 

The) motion was carried unanimously. 


CORRESPONDENCE. 


ANGLO-INDIANS AND DOMICILED EUROPEANS IN INDIA. 

In your Journal of 27th February there is a letter from Mr. R. a-Ababrelton, 
in which he raises the question whether the Anglo-Indians are disappearing as 
a race, or whether their numbers are kept up by fresh accessions. 

I enclose a copy of a memorandum recently published by my Association, in 
which the question raised by Mr. a-Ababrelton is fully explained. A copy of 
this memorandum was sent to the Members of both Houses of Parliament, and 
in a leading article in the Times of 3rd January, 1925, attention was drawn to it. 
If there is any further information Mr. a-Ababrelton desires, I shall be plea.sed 
to furnish it. 

H. A. Gibbon, 

Hon. Secretary, 

Anglo-Indian Association, London, 

88, Merton Hall Road, Wimbledon, S.W. 19. 

[The memorandum referred to in the above letter mentions that the “ permanent 
British population of India ” is “ divisible into two sections—(i) persons of British 
descent through both parents, and (2) persons of British descent on the fatlier's 
side,'* and numbers some 200,000.] 


LA VIE INDUSTRIELLE EN FRANCE 


Le Laboratoire de Psychotechnique de la Societe des Transports en 
Common de la Region Parisienne. 

On vient d'iiiaugurer ^ Paris le laboratoire de psychotechnique que la Society 
des Transports en commun de la Region parisienne a install^ pour la selection 
de son personnel. 

La psychotechnique est T^tude des facult68 humaines en vue de leur meilleure 
utih^tion technique. Elle a 6t^ d^j^ appliqu6e, pendant la guerre, au recrutement 
des mitraiUeurs et des aviateurs, et; depuis, elle sert pour le choix des individus 
aptes k certaines professions, tels que conducteurs d'automobiles, dactylographes, 
etc. 
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Le laboratoire de psychotechnique de la S.T.C.R.P. applique les m 4 thodes 
reconnues jusqu'ici les meilleures, et est muni d*un outillage trds perfectionn^. 
L'examen auquel sont soumis les candidate aux postes de conducteurs d*autobus 
ou de tramways comporte de nombreuses ^reuves ou " tests '* originaux. 
permettant d*6valuer les facult^s des candidate pour: Tattention dif!us6e, les 
reactions motrices, Tappr^ciation des vitesses et des distances, la rapiditdde percep¬ 
tion des images, le rep6rage de la direction des sons, r^motivit6, la mtoioire, etc. 

Un premier test est cclui de la force musculaire localis^e dans la main. II est 
r6alis6 au moyen du dynamographe Henry, qui se compose d'une poire en 
caoutchouc remplie de mercure et surmontte d*un tube de verre. Le sujet presse 
la poire, ce qui souldve la colonne de mercure, et maintient la pression aussi forte- 
ment qu'il peut. La pression s'enregistre sur un cylindre toumant placd derritee 
Tappareil. 

Pour mesurer la suggestibility motrice, on emploie I'appareil de Binet, constitud 
de deux petites roues solidarisdes partiellement par une courroie. L'opyrateur 
en commande ime et le sujet, 1 s yeux bandds, commande Tautre; il doit suivre 
exactement les mouvements de I’opyrateur, d'aprds Timpulsion qu*il en revolt. 
T.es mouvements de deux roues sont enregistrdes sur un mtoe cylindre, c6te d. 
cote. 

L*aptitude des candidats a apprecier les vitesses est yvalu^e au moyen du 
tachodomytre. Get appareil est constitud par une longue rdgle gradude, sur 
laquelle se ddplacent des voyants. k vitesses diverses. Le sujet doit ddsigner, 
Ic plus rapidement possible, la division de la rdgle devant laquelle les voyants 
se rencontreront; ou note les erreurs, et la rapiditd avec laquelle la rdponse est 
faite. 

La rapiditd de rdaction est mesurde par le temps que mettent les candidats k 
rdpondre par im geste k un signal fait par Topdrateur. Ils doivent appuyer sur 
une manette aussitdt qu'ils per^oivent un son donnd. La rapiditd de rdaction 
est mesurde en centidmcs de seconde. 

L'dpreuve dite d'attention diffusdc est la plus sdvdre, et aussi la plus significative. 
L'attention diffusde correspond k la qualitd du machiniste qui doit observer plusieurs 
phdnomdnes, et rdagir diffdremment pour les uns et les autres, toutendemeurant 
indiffdrent k d’autres phdnomdnes. 

Pour dvaluer cette qualitd, on place le sujet dans une chambre noire, assis et 
ayant les pieds posds sur deux pddales. On allume sucessivement des lampes 
de trois couleurs distribudes en dififdrents points de la salle ; pbur chaque couleur, 
Je sujet doit opdrer une manoeuvre differente des pddales. On note les erreurs 
commises, et le temps dc rdaction, c'est- 4 -dire la durde dcoulde entre I'allumage 
de la lampe et la manoeuvre effectude par le sujet. 

Dans une seconde partie du test, on combine des sonneries avec des excitations 
lumineuses. Pendant toute I'expdrience, on projette un film cindmatographique, 
qui occasiorne des distractions analogues k celles que le spectacle de la rue peut 
occasionner au wattman sur sa plateforme. 

.Tandis que le sujet est attentif aux excitations lumineuses et auditives, on crd^ 
des dmotions de surprise; par le son brutal d*un klakson, que Ton fait fonctionner 
k intervalles irrdguliers. La succession des phdnpmdnes: allumage des lampes 
de diverses couleurs, sonneries, bruits parasites, etc., est rdglde une fois pour toutes, 
en mdme temps que la projection du film. Elle s'enregistre sur un cylindre 
enregistreur sur lequel toutes lea rdactions du sujet s'inscrivert dgsdement. 

Une fois I'dpreuve terminde, on possdde done un document, indiquant exacte¬ 
ment comment le sujet a rdpondu aux difidrentes excitations. 
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D'autre part, le corps du sujet est plac6 pendant Texp^rience dans un circuit 
61 ectrique k faible tension (2 volts), sur lequel est branch^ un galvanom^tre. A 
chaque coup de klakson, qui produit un choc 6motif, on constate une deviation 
du spot du galvanomdtre. £n observant ces deviations successives. on peut juger 
si le sujet s’habitue aux emotions, ou au contraire si leui effet s’aggrave. 

D*autres essais servent k evaluer diiferentes qualites du sujet. telles que la memoire. 
le reperage des sons, etc. 

L'examen psychotechnique permet de choisir parmi les candidats ceux qui 
seront susceptibles de faire des niachinistes convenables et d’eliminer de suite ceux 
dont I’apprentissage serait impossible, et ceux qui pourraient etre dangereux. 

D’autre part, on fait passer un nouvel examen k tous les machinistes qui ont causer 
un accident,- ahn de verifier si leurs facultes n’ont pas ete atteintes. Enfin, la 
Society se propose d’examiner a intervalles reguliers tout le personnel conduisant 
les veiucules. 

La Mise es Service de l’Usine i lectrique de Chancv-Pougny sur le Rh6nb. 

La Societe des Forces Motrices de Chancy-Pougny va mettre en service sa grande 
usine-barrage, construite sur le Rh6ne k 15 kilometres cn aval de Gendve, dans 
la partie oil le Rhone forme la frontiere franco-suisse. 

Le barrage cree une chute de 9 metres environ, et I'usine, placec k la suite de 
ce barrage, contient 5 groupes eiectrogenes avec turbines verticales Francis (8,700 
h.p.) debitant jusqu’^ 90 metres cubes par seconde, et actionnant directement 
des altemateurs verticaux de 7,000 kilowatts. 

Le courant, produit k 11,000 volts, est aussit6t transforme k 120,000 volts, et 
livre k la Societe “ Rh6ne et Jura,’* qui le transporte par une ligne aehenne double 
jusqu’k Ecuisses (Sa6ne-et-Loire), pres du Creusot. 

Ce courant alimentera les usines Schneider du Creusot, et les Mines de houille 
de Blanzy, ainsi que d’autres industries de la Bourgogne et du Nivemais. 

Le Renflouement de l’Epave du Cuirasse Liberte.” a Toulon. 

En 1911, le cuirasse mouilie en rade de Toulon, fut couie et en partie 

detruit par une explosion dans les soutes. De cette catastrophe resultait une grave 
difhculte pour la navigation en rade de Toulon, navigation intense, puisque Toulon 
est le principal port de guerre fran^ais en Mediterranee. 

Les projets de renflouement de l’6pave, qui comprend k peu prds la rnoiti^ du 
navire primitif, et qui est coul^ par un fond de 12 metres seulement, fut suspendu 
pendant la guerre, et repris ^ulement en 1921. II vient d’etre enfin couronne 
de succds, et I'^pave a pu etre remorqu^e en f^vrier dernier, dans un bassin de 
I’arsenal, pour y 6tre d6molie. 

Ces travaux ont 6 t6 longs, trds couteux ct trte dilficiles; ils ont it6 confi6s k 
une entreprise priv^e, qui op^ra au moyen de Fair comprim^, d’abord pour arriver 
aux soutes et enlever les obus qui s’y trouvaient encore, puis pour amorcer le 
renflouement, que devaient faciliter des flotteurs (anciens sous-marins) accroch^s 
k repave. Mais celle-ci ^tait si pesante et si enfonc^ dans la vase, qu’on eut une 
peine extreme k la droller du fond. II fallut refaire sous Feau certaines cloisons 
Stanches que Fexplosion avait disloqu^, pour 6puiser ensuite k Fair comprim^ 
les compartiments correspondants, et multiplier les flotteurs. Les chalumeaux 
oxyac6tyl6flique8 ^ddaux^ fonctionnant sous Feau, rendirent id de grands services 
aux scaphasidriers» pour couper les tfiles du navire. tordnes et d^chiquet^ par 
I'explosidn* 
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NOTES ON BOOKS. 

Catalogue of the Collection of European Arms and Armour formed at 
Greenock by R. L. Scott. Described by Felix Joubert, F.S.A. (Scot.), 
3 vols. Privately Printed. 

Mr. R.. L. Scott has presented to the Society a copy of this magnificent catalogue, 
which has been produced for private circulation and is limited to a hundred copies. 
The work is divided into three volumes; the first deals with armour, helmets, 
horse arniour and spurs ; the second with swords and daggers, hunting weapons, 
shields and hafted-weapons; and the third with crossbows and fire-arms. 

Mr. Scott s collection must be among the finest in private hands ; it contains 
many notable pieces, such, for instance, as the extremely rare tilting helm from 
the collection of Captain H. Lindsay, which was described by Viscount Dillon 
in the proceedings of the Society of Antiquaries, and by Sir Guy Laking in his 
“ European Armour and Arms.” 

The complete suit of equestrian armour for man and horse, which is illustrated 
in the first plate, is another extremely interesting piece. It is from the Greenwich 
workshops. ” The entire surface is of russet steel, decorated with etched bands 
of a foliated design and gilt, and assembled together by lattcn headed rivets.” 
This piece came from the Earl of Pembroke's collection. 

A three-quarter suit of armour of Savoyard workmanship in the early part of 
the seventeenth century is also of exceptionally fine quality. The surface of 
pavanazzo blued steel is decorated with a scroll design, engraved and gilt, and the 
full-page illustration gives an excellent idea of the beauty and delicacy of the 
craftmanship. 

The whole catalogue is a model of what such a work should be. Mr. Joubert s 
descriptions are severely concise, but adccjiiate ; the numerous plates are admirably- 
reproduced, and the paper, type and binding are all chosen with excellent taste. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock - 

April 22.— Cedric Chivers, J.P., Mayor of Bath, “ Bookbinding.” J. M. 
Dent will preside. 

April 29.— Likut.-Colonkl Andrew Balfour, C.B., C.M.G., M.D. (Edin.), 
B.Sc., D.P.H., F.R.C.P.E., ” The Trend of Modern Hygiene.” Sir George 
Newman, K.C.B., M.D., D.C.L., F.R.C.P., Chief Medical Officer, Ministry^ of Health, 
will preside. 

May 6.—Air Vice-IVJarshal Sir William Sefton Brancker, K.C.B., A.F.C., 
Director of Civil Aviation, Air Ministry, ” Commercial Aviation.” His Grace 
the Duke of Sutherland, President of the Air League of the British Empire, will 
preside. 

May 13.—(Joint Meeting of the Royal Society’’ of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society.) Thomassen a Thue^sink Van der 
Hoop, “ The Flight to the Netherlands East Indies.” (The paper will be read in 
English). Air Vice-Marshal Sir William Sefton Brancker, K.C.B., A.F.C., 
will preside. 

May 20.— Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., William 
Sturgeon and the Centenary of the Electro-magnet.” Alan A. Campbell Swinton, 
F.R.S., late Chairman of the Council of the Society, will preside. 
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Indian Section. 

Friday afternoons, at 4.30 o’clock. 

May 8.— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
“ Indian Meteorology.” 

May 22 .— Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.E., “ The 
Industrial Progress of the Mysore State.” 

June 12.—Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G.. 
” The Heart of Asia and the Roof of the World.” 


Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o'clock :— 

June 18.— Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for 
the Colonies, ” East Africa.” 


Dominions and Cxilonies and Indian Sections. (Joint Meeting.) 

I'hursday afternoon, at 4.30 o’clock :— 

April 16.— The Kt. Hon. Lord Stevenson, G.C.M.G., "The British Empire 
Exhibition, 1925.” Sir Charles Campbell McLeod, Bt., will preside. 


Howard Lectures. 

Monday evenings, at 8 o'clock :— 

Professor John Samuel Strafford Bramk, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels.” Three Lectures. 
April 20, 27, May 4. 


MEETINGS OP OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Monday. April 6. .Chemical Industry, Society of, 
(London Section), at the Royal Society of Arts, 
John Street, Adelnhi, W.C. 8 p.m. Prof. W. A. 
Bone, The Constitution of Coal." 

Victoria Institute, Central Buildings, Westminster, 
S.W. 4.30 n.m. Dr. E. Ash, " Psychotherapy; 
Mind in Curative Action." 

Surveyors' Institution, 12, Great George Street, S.W. 
8 p.m. Col. H. F. Bidder. “ The Law of Evidence,” 

Geographical Society, 135, New Bond Street, W. 8.30 
p.m. M^r>Gcneral Sir Perev Cox, ** A Journey 
Behind Muscat to the Jebel Akdhar.” 

Electrical Engineers, Institution of, Savoy I’lace, 
Victoria Embankment, W.C. 7 p.m. (Informal 
Meeting.) Discussion on " insulation Problems 
in 'High-Voltage Engineering.” 

(Western Centre.) 6 p.m. Mr. S. T. Allen, 
" Radiators and Heating, with special reference to 
Material.” 

' Transfmrt, Institute of, at the Institution of Electrical 
Engineers, Savoy Place, Victoria Embankment, 
W.C. 3.30 p.m. Air Vice-Marshal Sir W. Sefton 
Branckcr, '* The I.«ssons of the Indian Flight.” 

Engineers, Society at the Geological Society, 
Burlington House, nccadilly, W. 5.30 p.m. Mr. 
E. R. Matthews, ” Problems in Dnigning and 
Coostruciing Sea Defence Works.” 

Tuesday, April 7. .Petroleum Technologists, Institution 
of, at the Royal Society of Arts, John Street, 
Adelphi, W.C. 5.30 p.m, Mr. J. S. Lewis, ” Vapour 
Pressures of Binary and Ternary Fuel Mixtures.” 

Anthropological Society, 52, Upper Bedford Place, W.C. 
8.15 pjn. • 

Cokmial Institute, Hotel Victoria, Northumberland 
Avenue, W.C. 8.30 pun. Mr. W. C. Noxon, ” The 

' Hydib-Blectric Development of the Province of 
Ontario.*’ 


Civil Engineers, Institution of, Great George Street, 
S.W. 6 n.m. 

Mechanical Engineers. Institution of, (S. Wales Branch.) 
at the Chamber of Commerce, Swansea. 6_ p.m. 
Mr. D. Wilson, ” Powdered Fuel and Its Relation to 
Modem Power Plant Design.” 

Zoological Society, Regent’s Park, N.VV. 5.30 p.m. 
I. Mr. F. G. S. Whitfield. "The Relation between 
the Feeding-habits and the Structure of the Mouth- 
parts in the Asilidas (Dintera).” 2. Mr. O. Thomas, 
“ On the Mammals obtained by Mr. Herbert Stevens 
on the Sladen-Godman Expedition to Tonkin.” 
3. Mr. W. M. IvC Gros Clark, “ On the Skull of Tupaim 
minor.** 4. Dr. R. H. Hunter, ” The Extensor 
Muscles in the Hind-foot in Mammals.” 

Marine Engineers, Institute of, 85, The Minories, E. 
6.30 p.m. Capt. P. T. Brown and Mr. M. M. Parker, 
Steering of Ships.” 

Electrical Engineers, Institution of, (Scottish Centre), 
207, Bath Street, Glasgow. 7.30 p.m. Mr. E. A. 
Watson, ** The Economic Asnect of the Utilisation 
of i*ermaneiit Magnets in Electrical Apparatus.” 

Wednesday, April 8. .Transport, Institute of, (N. 
Western Centre), Liverpool. Mr. H. Manock, “The 
Economic Handling of Goods Tralhc at a Terminal 
Station.” 

Astronomical Society. Burlington House, Piccadilly, 
W. 5 p.m. 

Thursday, April q. .Mechanical Engineers, Institution 
of. (Glasgow Branch), Royal Technical College, 
Glasgow. 7.30 p.m. Prof. F. C. Lea, “The Effect 
of Low and High Temperatures on Materials.” 

Brewing, Institute of, (Scottish Section), at the 
Caledonian Station Hotel, Edinburgh. Mr. H. L. 
Hind, “ Alcohol Secretion by Yeast—A Study on 
Gravities.” 

Friday, April to. .Metals,lnstitate of, at the Institute 
of. Marine Engineers, 85, The Minories, E. 7.30 p.m. 
Mr. C. H. M. Jenkins, “ Metals in the Gaseous State.” 

Malacologlcal Societv, at the Linnean Society, 
Burlington House, Piccadilly, W. 6 p.m. 
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All communicationt for ike Society should be addressed to the Secretary, John Street, 

Adelphi, W.C. {i.) 

NOTICES. 

NEXT WEEK. 

Thursday, April i6th, at 4.30 p.m. (Joint Meeting of Dominions and 
Colonies and Indian Sections). Rt. Hon. Lord Stevenson, G.C.M.G., 
“ The British Empire Exhibition.'* Sir Charles Campbell McLeod, Bt., 
will preside. Tea and Coffee will be served in the Library from 3.45 p.m. 

SEVENTEENTH ORDINARY MEETING. 

Wednesday, April ist, 1925. Mr. Byron Brenan, C.M.G., in the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Friese-Greene, Claude Harrison, Ix)ndon. 

Logan. Alexander, Calcutta, India. 

Lumsden, George James, Freuchie, Fife, 

The following candidates were duly elected Fellows of the Society:— 

Antaki, Emile, Fallowfield, Manchester. 

Clarke, Bertrand R., B.A., New York City, U.S.A. 

Goonetilleke, S. A., Wattala, Ceylon. 

Lovibond, Mrs. Frances Elizabeth, Salisbury. 

Rickerby. John, Gateshead. 

A paper on " Siam: its Progress and Possibilities ” was read by Mr. 
William Nunn, late Adviser to the Siamese Government on Customs and 
Excise. 

The paper and discussion will be published in a subsequent number of the 
Journal. * 

PROCEEDINGS OF THE SOCIETY. 

TWELFTH ORDINARY MEETING. 

Wednesday, February 25 TH, 1923 . 

The Hon. Sir Charles A. Parsons, K.C.B., LL.D., D.Sc., F.R.S., in the 
Chair. 

The Chairman, in introducing the reader of the paper. Sir Dugald Clerk, said, 
he was one of the greatest authorities on the internal combustion engine,^ if not the 
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greatest. He was the inventor of the Clerk cycle in gas engines, now often caheci 
twQ-cycle engines. He remembered hearing Sir Dugald at the Royal Institution 
forty years ago expounding his views with regard to the stratification of the gases 
and the air in the cylinders of internal combustion engines. That was claimed as 
fundamental in the Otto patents, but Sir Dugald held that there was no stratifica¬ 
tion in gas engine cylinders, a view which had been maintained universally ever 
since. ^ 

The paper read was;— 

THE POWER OF INTERNAL COMBUSTION ENGINES FOR MOTOR 
^ CARS. 

By Sir Dugald Clerk, K.B.E., D,Sc., F.R.S,, M.Inst,C,E. 

In the year 1923 the total number of power-driven vehicles on the comnionf 
roads in Great Britain was estimated officially as 1.097 millions; of these 
384,000 were motor cars taxed on horse-power and 430,000 were motor cycles. 
The approximate receipts from cars taxed on horse-power was £5,875,488, an 
average annual tax of £15.3 per motor car. 

All motorists are therefore heavily interested in the official and real horse¬ 
power of their motor car engines. From the beginning of motor rating there 
has been a difference between the two values. In 1906, for example, before 
official rating appeared, it was usual to describe a car engine as, say, 28-36 h.p, 
Daimler; this meant that the makers' rating for the engine was 28 h.p., but 
the maximum power to be obtained was 8 h.p. higher. Inspection of the 
motor car advertisements in this year, 1925, shows that this system of double 
rating continues, and we find Rolls-Royce, Delkge and other cars stated asf 
40/50, although some are mentioned as of one rating, as 40, 21, 12 and so on. 
It seems on the whole to be considered more attractive by many makers to 
build engines with an official rating as low as possible compared to the real 
maximum power of the engine. The" Sunbeam " is stated as 12/30,14/40, and 
20/60, and a Rover is given as 9/20 wdth the explanatory addition of" Develops 
well over 20 b.h.p. although taxed at £9 only." The " Vauxhall" gives 
14/40, 23/60 and 30/98 h.p., and in the latter case mentions that the engine 
develops 112 b.h.p. as a maximum. The " Aster " makes matters plain by 
the statement “ 20/55 H.P. Tax 20," ^ 

If we study these advertisements and consider many brake tests of which 
full particulars have been published, it is quite evident that the modem engine 
designer has succeeded in building engines of small cylinder diameter and high 
piston speed which come imder a low Treasury rating, while giving when 
desired brake powers of easily three to four times the rating. They have,, in 
fact, been able to make powerful engines which are rated at far under their 
real power output. 

When we consider that the total pajrment of nearly £6,000,000 is made 
annually by- the motorists of our country it is of obvious importance that the 
tax'payments should be equitably distributed among the owners of different 
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cars, and at present of two men owning different cars of the same real power, 
but quite different rating, the burden may easily be doubled on the owner 
rated near his true power. 

The present system is obviously unjust as between individual car owners, and 
it is not surprising that recent official cognisance has been taken of the fact. 

In the third interim report of the" Departmental Committee on the Taxation 
and Regulation of Road Vehicles " dated 27th Jim6,1924, it is stated at section 
29, p. 24: 

(29) " The trend of engine design since 1908 has been to increase the stroke 
bore ratio and to increase the number of revolutions per minute, the 
latter particularly in recent years. The effect is that, with certain 
exceptions, the Treasury rating understates the available horsepower of 
the average present-day type of engine, whereas in the earlier years that 
rating was a fairly close approximation to the available horse-power. 
The exceptions though few in type are large in number." 

Accordingly the Departmental Committee recommends that a special 
technical committee be set up by the motor organisations to amend the present 
method of rating horse-power. (See Sections 53 and 57.) 

No technical committee has been formed to deal with this matter, so far as 
I am aware. 


The matter is one of great difficulty and as I have been concerned with motor 
rating since 1906, first as a member of the judging and expert Committee 
of the Automobile Club, later the Royal Automobile Club, from 1899 
then as President of the Institution of Automobile Engineers and Member of 
the Treasury Committee of 1911 and Chairman of a Joint Committee of the 
Institution of Automobile Engineers, Royal Automobile Club and Society of 
Motor Traders and Manufacturers, I am familiar with all the changes which 
have occurred since 1906. In that year I read a paper entitled " Rating 
Petrol Engines by Cylinder Dimensions " on 22nd March and I proposed the 


formula, HP Rating = 


D^N 


in which D is cylinder diameter in inches, N the 


number"of cylinders in the engine and C a constant which was ultimately settled 
as 2.5. The rating accepted by the Club became known later as the R.A.C. 
formula. 

^ D* N 

R.A.C. rating =- 

2.5 

which was accepted later as the Treasury rating by the request of the Royal 
Automobile Club. 


The matter was further examined and evidence taken by the Treasury 
Committee of 1911, who reported in 1912. In this report they state that 
horsepower may be regarded from three points of view, as foUo\^:— 

(i) Brake horse-power or racing horse-power, i.e., the horse-power 
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developed in a bench test or the horse-power developed by a vehicle 
driven at the highest possible speed on a good level track " ; 

(2) “ Touring horse-power, i.e., the average horse-power developed by the 
engine when the vehicle is run upon give-and-take roads within the 
legal speed limits ; 

(3) " The average horse-power developed by the engine when the vehicle 
is run upon give-and-take roads free from speed restrictions." 

They considered that the third basis of rating should be taken, and in 
deciding upon the rating formula they " were guided by the consideration 
that I the expression used should be of a simple character and should involve 
only quantities which arc easily measured." They then accepted the R.A.C. 
formula already given as combining simplicity with a sufficient measure of 
accuracy for rating purposes. It is evident that the third rating must give a 
lower power than the maximum capable of being obtained on the bench. In 
my view the double value 40/50 or 30/38 or 12/15, that is rating to be 80 per 
cent, of maximum, legitimately satisfies the intentions of this Treasury Com¬ 
mittee, but values like 14/40, 20/60 or 3oy98 pass far beyond the limits assigned ; 
for those three engines the rating should be about 32/40, 48/60 and/or 78/98. 

D*^ N 

In 1906 1 fully realised the effect of the rating rule_- and I stated :— 

2.5 

" I hope that in the case of the petrol motor, no rigid rules may be formu¬ 
lated, tending to impede progress, and prevent engine designers varying 
proportions and dimensions of their engines in any way which they may 
think best adapted to secure improved results. 

Personally, I fear it is impossible to devise a rating rule which will enable 
one to accurately estimate the power of any engine from cylinder dimensions 
only. To obtain any such accurate rule would require uniformity of mean 
pressures, cylinder proportions, piston speeds, and engine revolutions, which 
would tend, in my view, to impede progress rather than assist it. 

Before a rule can be framed at all, it is necessary to get accurate informa¬ 
tion as to the mean pressures produced, the piston speeds used, the total 
cylinder volumes used, and even the number of revolutions. If we could have 
standard mean pressures, standard cylinder proportions and piston speeds, 
then no doubt accuracy would be possible; but the accuracy of this year 
would assuredly be inaccuracy five years hence, and positive error in ten 
years." 

Tests of engines were made for me and it appeared that a piston speed of 
1,000 ft. per min. 90 lbs. per sq. in. on the piston and a mechanical efficiency 
of 75 per cent, were all average values ; values of good engines at the time. The 
rating rule was obtained from these figures. At the present time a piston 
speed of 2,000 ft. per min. and over, together with great improvement in 
mechanical efficiency and actual' pressure on the piston produce fi p * values 
of ov0r 100 lbs. per square inch, which are easily maintained, so that three 
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times the R.A.C. rating can now be given for full power without difficulty. 

The accuracy of 1906 is totally inapplicable in 1925, so that my warning 
proved to be correct. 

Many attempts have been made to produce a correct rating formula which 
includes stroke bore ratio, and they have been discussed at the Institution of 
Automobile Engineers following my 1906 Paper. Among others, F. W. 
Lanchester, Remington, Henderson, Burls, and Beaumont have made proposals 
which have not been generally accepted. Prolonged discussion of the matter 
by the Joint Committee of the Institution of Automobile Engineers, the Roysl 
Automobile Club and the Society of Motor Manufacturers and Traders, and the 
compilation of tests made upon 143 motor car engines has produced a formula: 

Joint Committee H.P. Rating= 0.45 (d -{- s) (d — 1.18), where d is diameter 
of the cylinder in inches and s is the stroke in inches, 1.18 is a constant arrived 
at by the examination of many engine tests. 

This Joint Committee adopted the formula on behalf of the three bodies 
concerned, but the rating was never accepted in practice, although it allowed 
very fairly for increased piston speeds with high stroke bore ratios. 

The original R.A.C. formula remained in use and still continues in practice 
the only generally adopted expression. 

I have recently gone over the mass of papers on rating and endeavoured to 
find some method of rating which allows complete freedom to designers as to 
cylinder dimensions and proportions while leaving no room for such extensive 
evasion as has proved easy with the R.A.C. rating. When a rating rule is 
made official, designers of engines, steam, gas or petrol, or in another field 
yacht designers, set to work to find the weak points of the rule. In the case 
of engines the object of the rating rule is to give a value which determines with 
some accuracy the power of an engine and hence the tax which engines of certain 
dimensions must pay. It is the designer's business to build engines which 
fall well within the rule, but at the same time to provide, if possible, a greater 
power than that indicated by the rule. I do not blame the designer in any way { 
he is entitled to build an engine of any power so long as he fulfils certain 
conditions. In the case of the petrol engine, designers have shown wonder¬ 
ful ability and discovered many facts which have enabled them to produce 
excellent and very powerful engines at a low rating. This pleases the manu¬ 
facturer and the motor owner, but it has the undesirable effect of shifting the 
heavy weight of taxation to other motor owners who are not so fortunate in 
their choice of engine. I have come to the conclusion that no rating rule 
depending on cylinder dimensions can be arranged to avoid changing the 
proportion of taxed power to untaxed power as I have described. But I»find 
a possible solution of the difficulty in the writings of a well-known designer of 
snoall diameter cylinder high-speed engines; I refer to Mr. L. H. Pomeroy. In a 
Paper* read before the Institution of Automobile Engineers in 1912, he states:— 

• P.I.A.E. Vol. VI. p. 82-3. 
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. " In the existing state of design the fundamental dimension of a maximum 
horsepower equation should be the area of the inlet valve.” 

In illustration of this he gives figures for seven engines ranging from a 1905 
design to a 1912 Brooklands racer; from these figures Table I. has been 
prq>hred ; the specially large power output realised in the 6th case is attributed 
by him to refinements in design, workmanship, and lubrication. 

TABLE 1. I905-I9I2 Engines Calculatei> from Pomeroy. 


Bore 

Stroke 

sr 

Dia. 
Inlet 
Valve 
Throat 8^ 

Throat 

Area 

in sq. ins. 

Max.BHP 
Per Cyl. 

B.H.P. pe 
sq. in. of 
Valve 
Throat 
Area. 

3.62 ins. 

3.75 ins. 

1.25 ins. 

1.23 

5-9 

4.8 

3.35 .. 

3-94 • » 

1.5 » 

1.77 

7.8 

4-4 

3-35 M 

3-94 .1 

1.5 M 

1.77 

8.0 

4*5 

3-34 M 

4-73 M 

1.625 M 

2.08 

9-5 

4.6 

3-54 M 

4-73 M 1 

1.6875,, 

. 2.24 

lO.Z 

4-5 

3-54 M 

4*73 »» 

1*75 » 

2.4X 

15.0 

6.2 

3*54 .. 

5-75 M 

1 2.0 

2.86 

17.0 

5-9 


Mr. Pomeroy further discusses the question of values in Vol. VIII. of P.I.A.E. 
(1914), and on page 408 he observes;—" As a first approximation, the maximum 
horse-power of all engines with the same valves and gear, will be the same, 
irrespective of cylinder size over a comparatively wide rangethe reason 
being, of course, that the small engine compensates by a greater revolution 
speed for what the large engine gains by its increased .capacity; in other 
words, the maximum gas velocity through the inlet valve is substantially the 
same in all cases at maximum power. 

Further, in P.I.A.E. Vol. XIII. (1918-19), pp. 163 et seq., Mr. Pomeroy 
gives details of a series of tests carried out on two 4-cylihder Vauxhall engines, 
similar except that ” A” had side-by-side valves while in “ B” the valves were 
overhesMl. The valve area was varied in these tests, values 1.8, 1.4, and 0.7 
square inches respectively being tri^, In Table II. below, actual maximum 
power results (obtained at 2,400 r.p.m.) are shown, together with the b.h.p. 
pa sq. in. of valve area for the three valve dimensions tested. 

The greater power output with overhead valves will be noted, the disparity 
increasing as the valve area diminishes. Mr. Pomeroy observes also that in 
these tests the small valve proved more effective per unit area than the large 
valve. 

Assume then that a valve area rating is desirable with Mr. Pomeroy, what 
value of B.H.P. per square inch of inlet valve throat area ^ould be adopted ? 
Table I. giving the rcasults of tests with seven engines of 1905 to 1912 points 
to 5 B.H.P. per square inch. The lowqst H.P. per square inch is 4.4 and the 
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TABLE II. From Pomeroy. P.I.A.E. XIII. pp. 163 bt Sbq. 



1 1 

Maxm. B.H.P. Per Cylinder:— j 

1 

Inlet 

Actual 

Actual 



Valve 

with 

with 

B.H.P. per 

Sq. in. of 

Area, sq. in. 

Engine “ A “ 

Engine "B" 

Valve 

Throat 


Valves side 

Valves Over- 

Engine A " 

Engine “ B " 


by side 

head 



1.8 

“•4 

12.4 

6.3 

6.9 

1.4 

10.7 

12.6 

7.7 

9.0 

0.7 

i 6.9 

1 10.1 

9.9 

14.4 


“ A •* Engine 3.54 ins. Bore. 4.72 ins. Stroke. 
*' B *• Engine 3.54 ins.. Bore 4.65 ins. Stroke. 


highest 6 . 2 , so that the rated power for those engines would be 12 per cent, 
above the minimum and 24 per cent, below the maximum value. Many 
particulars were carefully taken on my behalf by Mr. Burls, of Wolseley, 
Vauxhall and Lanchester engines described in Clerk and Burls* Gas Petrol 
and Oil Engines,** Vol. II,, from which it appears that at full power bench tests 
the B.H.P. obtained per square inch of valve throat area was as follows:— 
Wolseley 3.36, Vauxhall 4.76, another> Vauxhall 6.2, and a Lanchester six- 
cylinder 4.8. The charge velocities were respectively in feet per second 117, 



40H.P. WOLSfkEV ENGINE. BONE SING. STROKE 5*1 INS. 
R.A.e. RATING 40. MAE. S.M.P. SO. 


Fig. f. 
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II2, 137 and 160, and the valve throat diameters were 2.375'', 2'', 1.75" and 
1.56". The maximum B.H.P. on test was: Wolseley 59, Vauxhall 59.8, 
Vauxhall 60 and Lanchester 55.5. For those four engines a valve area rating 
of 5 B,H.P. per square inch would be quite suitable ; small adjustmeilts of valves 
and passages would bring all the engines up to that power. 

Graphs from those engines are given at Figures i, 2, 3 and 4 and particulars 
are marked under each Figure. 

In Figure i the maximum torque is attained at the low speed of 700 revs, 
per minute, at which the p value is 94.3 lbs. per square inch of piston; the 
nia:4mum power is attained at 1,700 revs, per minute with an y) /> value of 
64.7 lbs. per square inch. This engine is of the lower speed type and accordingly 
the 5 B.H.P. per square inch of inlet throat gives a rating of 88 B.H.P. which 
cannot be attained without substantial alterations. 

A power speed graph of the first Vauxhall engine mentioned is given in 
Figure 2 ; graphs of the torque, tq p and mean velocity of gas through valves 
are also exhibited. 

In the accompanying Table III. ^corresponding values of speed, power, 
torque and tq /> are given. 


TABLE III. 

The Four-Cylinder, 3.58 ins. x 5.75 ins. Vauxhall Engine. 


Piston ' 
Speed j 
Ft. per Min. i 

Revs. Per 
Min. 

1 

B.H.P. by ! 
Test. ' 

Torque 
in Ib.-ft. 

Lbs. 

per sq. in. 

1 

1092 ! 

1140 

310 ! 

142.8 

93.2 

1250 [ 

1300 

35-6 

1433 


1500 

1570 

43-0 

144-3 

94.2 

1750 

1825 

50.0 

143.8 

93-8 

2000 1 

2090 

57-5 

I44.» 

94-4 

2100 ! 

2x90 

59.8 

143-3: 

93-5 

2250 1 

2350 

5 X.O . 

II4.O 

74-4 


The power speed graph for this engine is extraordinarily straight, and its 
direction passes through the zero origin; this straightness results largely from 
generous proportions of the valves and piping; the gas velocity even at the 
extremely high piston speed of 2110 ft. per minute has been seen to be only 
6750 ft- per minute. The cylinders accordingly obtain a charge of normal 
amount at every suction stroke, the brake mean effective pressure and torque 
remain sensibly constant, and the B.H.P. increases in direct proportion to the 
speed. 

The mechanical efficiency >) diminishes with increase of speed, while the mean 
effective pressure p increases with speed, in the absence of wire-drawing; 
in this engine the changes in and p just neutralise one another, the product 
ij P n gg ^j ning cpnstant up to the very high piston speed of 2,100 ft. per min. 
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fOM P VAUXHALL ENGINE BORE S S8 INS. STROKE S 75 INS 
RAC RATING 20 B MAX. B M.P. SB B 

INLET VALVE RATING AT 5HP PER SO IN. 02 B B H P 
(note; THIS IS A RACING ENGINE) 

F1G4 2 « 

Figure 3 -hows lour power-speed graphs ; that marked A was obtained from 
a X’auxhall engine with cylinders bored out to 80 mm. (3.15 ins.) only. A 
maximum .)t 38 B.H.P. occurred at 2,700 revolutions per minute. The 



EIPCRIMENTAL VAUXHALL ENGINE BORE 3 14 INS. STROKE 4 INB. 
TEBTED AT I IS INB BORE AND 9 S4 INS. BORE 
MAX. B.M.P. BO. BEE TABLE M 

INLET VALVE RATING AT BMP PER. BQ. IN. •4% 2 H.P. 

Fi04 3- 
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compressioh pressure was, however, deemed to be too low; measured by 
an Okill gauge the compression pressure was 82 lbs. per sq. in. Curves B, C, 
and D refer to an engine 90 by 120; the same engine was used in all three 
cases; the compression pressure, by an Okill gauge at 1,000 r.p.t^., had here 
the value 98 lbs. per sq. in. in each case. 

The improvements in speed and power shown by the graphs B, C, and D, 
were upl^eved partly by reduction in the mass of the reciprocating parts, 
partly by carburettor and piping alterations, and partly by improved valve 
setting; the degree of improvement can be inferred from the following figures: 

I Case. Max. B.H.P. Revs, at Max. H.P. 

B. 45 2150 

C. 52 2400 

D. 60 2550 - 

In the appended Table IV. some further results are given; in Case D the 
valves were if ins. in diameter with \ in. lift; the mean velocity of gas at 
different engine speeds has been tabulated for this case. 

It will be noted that the values of tq in case D exceed 100 lbs. per sq. in. 
between 1,600 and 2,400 r.p.m., and remain remarkably constant; over that 
range the torque is correspondingly constant; the maximum—so far as one 
exists—occurs at the very high speed of about 2,100 revolutions per minute, 
and at 0.87 of the maximum power. The mean velocity of gas through the 
valve has, at this point, a value of roundly 6,900 ft. per min. 


TABLE IV. . The Vauxhall 90 x 120 : Experiments in 1910. 


Spe 

ied 

B.H.P. by *] 

rest. 

ForC 

ase D only. 


Revs. 

Piston 




i\p 

Torque 

Gas Veloj 

per 

Speed 

B 

C 

D 

in lbs. 

in 

-city, 

Remarks. 

Min. 

F.P.M. 




per sq. in. 

Ib.-ft. 

F.P.M. 


1100 

870 

20.0 

20.0 

25.0 

96.5 

119.0 

3560 


1600 

1260 

35.3 

36.2 

38.6 

103.0 

127.0 

5150 


2000 

1580 

44-3 

46.8 

49.4 

105.0 

129.7 

6450 


2150 

1700 

45.0 

— 

53-2 

105.0 

129.0 

6950 

Max. B 

2400 

1890 

44-3 

52.0 

58.3 

103.5 

127.5 

7720 

Max. C 

2550 

2010 



60.0 

100.0 

123.0 

8200 

Max. D 


In the 38 H.P. six-cylinder Lanchester engine riaximum power is attained 
at the comparatively low piston speed of 1,465 ft. per min. (See Figure 4), 
corresp^d^ to a mean velocity through the valve throats of 9,600 ft. per 
min. this is a rather high value, the usual figure for engines with the ordinary 
valve arrangements being about 7,000 ft. per min. onlyit will be noted 
that the power graph, Figure 4, soon falls away from the maximum torque 
line as the speed is increased; greater power could probably be obtained from 
tins engine if desired by indreasing the valve throat diameters. 
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88 h'.P. LANCMCSTCR CNOiNC SIX CVLINOCR. 

R.A.C. RATING 58 4 . MAX fi H P 55 8 B0RC4IN8. STR0NK4IN8. 

INLST VALVE RATING AT 5H.P. PER SQ. IN — 57-8H.P. 

Fig. 4. 

The power speed graph is shown in Figure 4 together with curves of torque^ 
'f\ P and gas velocity, and the accompanying Table V. exhibits numerical 
values of the torque and P over the range of speeds tested. 

TABLE V. Lanchester Six-Cylinder, 38 H.-P. 


• r 


Revs. 
Per Min. 

Ft.per Min. 

B.H.P. 
By Test 

■X — 

in 

Lb.-Ft. 

1 ^ 

Lbs. 

jPer Sq. In. 

Notes. 

660 

440 

24.2 

192.5 

1 96.2 


900 

600 

33-6 

: 

196.0 

1 98.0 

1 

Max. 

Torque 

1200 

800 

1 43-0 

188.5 

1 94-2 

1 

1500 

1000 

1 49.6 

173-5 

1 86.8 


1800 

1200 

1 53-6 

156.5 

78.2 


2200 

1467 

! 

1. . 

1 55-5 

132.6 

! 66.3 

1 

Max. 

Power 


It will be noted that maximum torque occurs at the low speed of 900 revolu¬ 
tions, while maximum power is not attained until the speed has incmased to 
2,200 revolutions per minute, at which the value of p \s only 66.3 lbs. per 
sq. in. The norm^ full speed is considered to be 1,400 revolutions per. minute, 
at which the B.H.P. is 48, /> is about SqJ lbs. per sq. in., and the gas velocity 

through the valves is 6,100 ft. per min. 

Table VI. gives such particulars as I have been able to obtain^ of ten 1924 
engines of varying R. A.C. ratings which I shall now discuss. 
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It will be seen from Table VI. that in the three cases, Riley, Rover and 
Vauxhall, where the double ratings advertised are 11/40, 14/45, and 14/40 
respectively, the valve throat area rating of 5 B.H.P. per square inch gives 
30, 39, and 30 respectively, or almost 80 per cent, of advertised maximum 
power. The value 5 B.H.P. per square inch here gives the margin of spare 
power intended by the 1911 Treasury Committee. In the cases of A.C., 
Lanchester 21 and Lanchester 40 the inlet valve area rating is roughly double 
that of the present R.A.C. rating, while with the Wolseley, Morris Cowley and 
Morris Oxford the inlet valve area rating is roughly three times the R.A.C. 
rating and the B.H.P. given by these engines at present is somewhat under the 
new rating. In these three engines, however, ratio of inlet valve throat diameter 
is high—in every case more than half the cylinder diameter and the effect of 
valve area rating would soon bring up the piston speeds to obtain higher power 
or reduce valve diameters to get the lower power at present given. This is 
also true of the A.C. and the two Lanchesters. The proposed rating in the 
case of the Ford is about 4 B.H.P. higher than the R.A.C. More power could 
be obtained from the Ford if desired; at present the piston speed is low. I 
have confidence that present engine practice would speedily adjust itself to 
such a rating if adopted. 

How long, however, would the designers be content with a rating within 
80 per cent, of maximum power ? They would doubtless attempt to get much 
greater power within the rating rule. 

In what direction would they find a way out ? Mr. Pomeroy has shown 
us the way to get outside of the inlet valve rating in the interesting and valuable 
experiments summarised in Table II. He tested two similar engines: (A) 
Valves side by side and (B) Valves overhead; both at 2,400 revs, per minute. 
He arranged inlet valves of 1.8,1.4 and 0.7 square inches area and ran successive 
tests with each area. He found two important facts: (i) As valve 

area diminished B.H.P. obtained per square inch of area increased ; (2) Valve 
overhead engine gave greatly increased power per square inlet area as compared 
with side-by-side valves. 

With valves side by side. Engine A, with the three valves of 1.8 sq. in., 1.4 
sq. in., and 0.7 sq. in., the B.H.P. per square inch of valve area was 6.3,7.7, and 
9.9 respectively, and with the valves overhead. Engine B, the corresponding 
values were 6.9, 9, and. 14.4 B.H.P. per sq. in. 

Accordingly attempts would doubtless be made to use very small valves in 
both side-by-side and overhead engines. It is probable that in the side-by-side 
engine the fall of power at 2,400 revs, from 11.4 to 6.9 B.H.P. per cylinder 
would reduce power per cylinder too much, but with valves overhead the 
similar power fall is only from 12.4 to lo.i H.P. per cylinder, while the rise of 
power per square inch is from 6.9 B.H.P. tQ 14.4 B.H.P.; the power per square 
inch is doubled. 
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This difficulty can be met by plotting the results obtained with engines A 
and B, valve throat areas against B.H.P. as shown at Fig. 5. With engines 
of type A, a valve of 2 sq. in. area would give 5.6 B.H.P. per square inch 
inlet valve area, and one of 1.25 sq. in. would give 8.2 B.H.P. per sq. in. With 
engines of type B a valve of 2 sq. in. area would give 6 B.H.P. per sq. in., and 
1.25 sq. in. a brake power of 10 horse per sq. in. Tables could be compiled 
for the two types, A, valves side-by-side, asid B, valves overhead, including 
all valve areas in use, so that the B.H.P. per square inch would be shown at 
once on inspection. The true H.P. of the engine could then be obtained in the 
simplest way. Such an arrangement would make it impossible for the engine 
rating to stray far from the power or fraction of power really developed by any 
particular engine. 

To enable this to be done it will be necessary to make further tests on a 
smaU number of engines at speeds of revolution varying from 1,000 to 2,500 
per minute with engines having side-by-side and overhead valves with valves 
varjring from 3.5 sq. in. to i sq. in. area. It would then be easy to deduce the 
law of change just discussed. At present the experiments are too few to 
determine an accurate rating rule. If the Treasury wish this investigation 
to be carried out it would be well to have the determinations made at the 
National Physical Laboratory, in order to overcome prejudice in the general 
public against private tests by manufacturing firms. 

Assume this to be done and B.H.P. constant or constants settled; assume for 
simplicity that the constant is five, then, as that constant will give a total 
taxable H.P. about double that given by the R.A.C. rating more equitably 
divided between the different makers’ engines, it will be necessary for the 
Treasury to lower the payment per horse power to about one half, that is, to 
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ten shillings per H.P. instead of £1. This could be adjusted to produce the 
six million pounds at present required by the Treasury. The incidence of the 
tax would then fall as nearly as possible proportional to the true power of the 
engines used by each motor car owner. 

A rating such as is here suggested carried out as discussed in this Paper 
would leave the designer unlimited freedom of choice as to cylinder dimensions 
and stroke bore ratios ; it would leave the piston speed also quite open; some 
designers would wish for lower piston spee^ and larger cylinders—they have 
their advantages—and the only limit imposed would be that of valve area. 
In my opinion engines would be rapidly improved, because of the increased 
power of variation possible. 

Mr. A. E. Berriman has read an excellent Paper entitled "A Review of the 
Rating Question," in which he discusses all the cylinder and stroke dimensions 
rules proposed since 1906, and I recommend those who wish to study the 
development of the Rating Rules to read the Paper in the Proceedings of The 
Institution of Automobile Engineers. Mr. Berriman develops the case for 
taxation of petrol. I do not here deal with that matter. I assume that the 
Treasury propose to continue power rating in some form. 


DISCUSSION. . 

The Chairman suggested a slight elaboration of the author's idea that the 
rating of an engine should depend on the amount of combustible mixture it took 
in. The constriction through the inlet valves regulated that within certain limits, 
but possibly the idea co^d be carried further, and an automatic apparatus made 
which would prevent more than a certain quantity of mixture going in per minute 
or per second. The adoption of such an arrangement, the nature of which he 
demonstrated by means of a diagram (see Fig.6), would leave the engine designer free 



to design his engine in accordance with his own or his customer's requirements ; 
he could supply a slow-running engine with comparatively small valves, an engine 
which would be very durable, or a fast-running engine like an aeroplane engine. 
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with a very short life and heavy upkeep charges. The apparatus could be locked 
up, if required, like a taximeter on a cab, and could be inspected by Government 
Inspectors and calibrated at intervals. 

IjEUT.-CoLONEL Mervyn O’Gorman, C.B., Said he had had the privilege of 
hearing, many years ago, the paper in which the author suggested the old rating, 
whidi, though not popular at first, eventually roused great enthusiasm. It was 
with some surprise that he now heard him propose Mr. Pomeroy’s rating, because 
the arguments put forward in the paper by no means clinched the question of the 
advisability of using the valve throat as a rating basis. The Vauxhall experiments 
did not indicate clearly that the valve throat formed a particularly useful rating 
basis. It was clear that the size of a hole bore some relation to the quantity of 
gas which could pass through it in a given time, but that also depended on othej 
factors, notably the shape of the inlet pipes, and so on (which would, to a certain 
extent, be common to most petrol engines), and would be affedted by anything 
which peimitted a complete modification in the shape of the hole, like a sleeve- 
valve. Even though the sleeve-valve, double or single, was an admirable device, 
he did not suppose the author would advocate anything which exercised a i nancial 
pressure in favour of it. Personally, he thought a pipe which finished with a 
maximum delivery nozzle would deliver more gas per second than one the end of 
which was obturated to a certain extent, and which hnLshcd with an annular opening 
without a stream-line body, like a poppet valve. 

Such a rating as the author now suggested would, he thought, exercise a definite 
pressure in the direction of using sleeve-valve engines, and engines with that kind 
of diminished orifice which was called a maximum delivery o ifice. It would 
also give rise to a tendency to produce large cylinders, as one of the diagrams 
showed particularly clearly, i.^., large cylinders for the valves. If a man were 
going to pay £20 a year b^ause his valve was a certain size, he would see he got 
as good v^ue for that £^o as possible, and to do that would employ big cylinders. 
The effect on construction might onl> be after a lapFe of time ; it would take a 
year or so before it was felt; but it would induce a man to employ big cylinders, 
sleeve-valves and a particular type of nozzle, and, though those things might be 
good in themselves, they would be adopted, not in order to secure the best 
design, but through the influence of the rating. 

The author would no doubt give further explanations before he could be said to 
have made good his case. Personally, he was prejudiced against any change in 
rating methods, because when the basis on which taxation was imposed was altered, 
it was probable that the total amount collected from the motoring community 
would be increased. Motorists represented only a small fraction of the total 
electorate, and would, therefore, be unable to resist such an imposition. 

As an expression of a fraction of the maA imum power of the engine, the rating pro¬ 
posed by the author would often be better than the R. A.C. rating, which he did not 
think was notably good from that point of view at the present time. As far as 
taxation was concerned, however, it should be remembered that the paper mentioned 
three kinds of horse-power on which the motorist might be taxed : a maximum 
horse-power, the horse-power an engine could develop at unlimited speed on English 
roads, and the horse-powrer it developed with legal limit speed, on English roads. 
The author considered the third as the most reasonable. Taldng the case of a 
man who drove at reasonable speeds, not observing the law when it was absurd, 
such a mw would drive from London to Brighton at an average of 2 m.p.h., 
and with a Rolls of 55 cwt. would average 24 or 27 h.p., or with a Ford about 7 h.p. 
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If one considered how very variable was the use to which motor cars were pul^ 
he thought it would be agreed that no increase in the accuracy of the technical 
value of the rating basis would improve the justice of the incidence of the tax. 
It would be better to leave the rating alone. No one imagined the R.A.C. rating 
represented the maximum horse-power, but everyone knew it was what the tax 
was paid on. 

Professor W. E. Dai.by, F.R.S., said the general feeling of motor car owners was 
that the present system of taxation was unjust to all except lorry owners. The 
basis of present day taxation was utterly wrong ; it ought to be based on the extent 
to which the vehicle used the roads, and the damage it did to them. He thought 
it might be possible to go a step further in developing the Chairman’s suggestion. 
The Chairman had suggested an instrument by which the charge going in could be 
regulated. Why not go a step further and make the instrument integrate the total 
amount of charge used per annum, and then base the tax on that ? That would be 
more just than taxation based on a mere dimension. The Treasury now rated a 
motor car at £i per horse power, reckoning the horse power on the arbitrary expression 
d^n 

-. This formula was largely due to Sir Dugald Clerk, and the speaker gathered 

from his most interesting lecture that he now suggested a modification of the formula, to 
bring the H.P. more nearly to the actual H.P. available, with present-day engines. 
Makers had improved the design and increased the piston speed so that the Treasury 
rating now bore little relation to the actual H.P. developed at normal car speeds. 
The author based his suggestion on his analysis of the data which he had brought 
before them. The speaker received the paper only on his entry into the room, so 
that he had not been able to study the figures to see how far he could support 
them from his own experiments. 

Any formula which aimed at giving the H.P. of a motor must be an arbitrary one, 
because the power itself was not constant; over the range at which the engine usually 
worked the power was nearly proportional to the speed at full throttle. Therefore 
any formula applied only to one set of conditions of the infinite sets of conditions in 
which the engine was run in practice. 

The R.A.C. formula even as it stood was very useful. It was based on a piston speed 
of 1000 ft. per min. and 67 pounds mean pressure on the brake. 

After many years’ experience of testing petrol engines on the bench, he found that, 
through quite a large range of engines and makes, if one ran the engine at a piston 
speed corresponding to 1,000 feet per minute, one ought to measure on the brake 
the R.A.C. rating. If one did not measure it, one could assume the engine was not 
as good as it might be ; but one rarely measured more. He had never tested an 
engine at 1,000 feet piston speed which gave more than the R.A.C. rating. 

The modem high speed engine, however, developed more than the Treasury rating 
To quote an extreme case by way of illustration, a 6 cylinder engine with cylinders 
6i inches in diameter would* be taxed on 101 H.P. But the actual H.P. for which 
it was designed and which it developed continuously, was over 300. The reason was 
that its piston speed was 1600 feet per minute instead of 1000, and it developed 
a mean effective pressure at the break of 117 lbs. per sq. inch instead of 67.2 lbs. per 
sq. inch. This illustrated the trend of the modern motor car engine, though the 
engine itself was an aircraft engine. 

The author aimed at spreading the burden of taxation more justly, so tliat those 
who used high powers paid in proportion. The speaker was sure they were all in 
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cordial agreement with the author. Before entirely agreeing that the method 
suggested would meet the case he would like time to study the interesting figures 
the author had brought together. Quite apart from the merit bf the question, and 
from the scientific aspect of the paper before them, he could not help sharing with 
Colonel 0 *Gorman a fear that any change in the present method of rating would be 
seized by the authorities as an excuse to make them pay more. 

He congratulated the author on an interes^ng and valuable paper, and was sure 
that all would feel grateful for the very useful data he had collected, anal3rsed, 
and discussed that evening. 

Viscount Falmouth said that, in view of the feeling at present prevailing in 
iWliament and amongst ratepayers generally, he thought it would be better to 
leave the question of rating alone until the Treasury made some move in the matter^ 
He was certain that any change would involve additional taxation on motorists. 

Dr. W. R. Ormandy said the attitude taken by previous speakers in regard 
to any alteration in the method of rating would be endorsed by motor manufacturers 
and users generally. The author had assumed that the Treasury would not consider 
basing taxation on the fuel used. The absurdity of the present method was so 
obvious that any change brought about by an alteration in the method of rating 
would be of negligible advantage. Personally, he failed to see why the difficulties 
in the way of taxing fuel were insuperable. If, however, there must be taxation 
by general rating, the conFensus of opinion amongst members of the Institution 
of Automobile Engineers was that the present rating should be left alone; any 
alteration would lead to as great, if not greater, injustices in some other direction, 
and the Treasury, to be on the safe side, would impose a tax which would bring them 
in more than before. 

It had been stated that the English automobile manufacturing industry had 
been injured by the R.A.C. rating. It had, however, led manufacturers to make 
cats wiih higher piston speeds, thus leading to greater fuel economy, and any 
alteration which, in o.der to defeat a tax, led to lesser fuel economy, would be a 
movement in the wrong direction. Whatever the situation might be at the present 
time with regard to fuel, the tendency was for consumption to increase more rapidly 
than production, and, therefore, the effect of any alteration in rating on fuel 
consumption should be taken into consideration. 

It was also interesting, in that connexion, to watch the trend of affairs in America, 
which produced so many more cars than this country that our production was 
a negligible factor in regard to fuel consumption. The tendency in America was 
to make engines with smaller cylinders, higher piston speeds and higher com¬ 
pressions ; Americans had come to the conclusion that the English system of 
making really efficient engines was worth imitating. While that was partly brought 
about by the desire to make engines which would suit the foreign market, it was 
also due to the desire for fuel economy, because the price of fuel in that country 
tended to rise. 

Mr. L. a. Legros said it was difficult for any one who had not access to ^e 
figures to know how the money raised by the tax on motorists was distributed, 
and to what extent fhe tax had contributed to injuring the trade of British manu¬ 
facturers abroad. There could be no doubt that the sales of British cars in the 
colonies had fallen off cmsiderably; one correspondent in Australia had told him 
that to could sell fifty American cars to one British, because the former met the 
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requirements of the country while the latter did not. He believed the rating formula 
had largely contributed to that state of affairs. The woolly engine would 
enable one to get out of a difficult place more easily, and it was an easier engine 
for a novice or a man away from civilisation to handle than the high compression 
engine. If there were to be a reversion to the earlier “ woolly ** engine, however, 
it would have to be accompanied by a tax on petrol, so as to encourage the evolution 
of the engine in the direction of increased economy in petrol. 

Mr. a. E. PARNAco'fT asked the author where he measured the area of the throat 
of the valve. If the area were taken across the seat of the valve, a larger volume 
of mixture could be passed through that dimension by making the valve inlets, 
when opened, the equivalent of a Vena contracta and expansion cone. He 
himself had been in the habit, for racing purposes, of preparing engines by 
approximating to that arrangement. If the author's throat measurement were 
introduced, valves would tend to take a stream line form so as to get a small 
measurement on the throat and thus avoid taxation. 

The ratings of an engine as to the actual horse-power were, he liiought, unim¬ 
portant . An engine was driven more or less continuously on the throttle. Roughly, 
the horse-power of an engine was about i h.p. for every 100 cu. cms. static dimension 
of the engine cylinders. That was a more correct estimate than could be obtained 
by the author's throat measurement. It was usual to provide i cwt. of weight 
for every 100 cu. cms. of the engine. If, therefore, the formula he suggested 
approximated to the horse-power, and also to the weight of the \'ehicle in hundred¬ 
weights, it might be possible to weigh the vehicle and tax it by weight—^so much 
per cwt. If the weight basis were introduced, it would leave the designer free 
to meet American competition, and it would put a premium on the lighter type 
of car. After a few years of taxation on such a basis, British vehicles would become 
more suited to overseas colonial condi ions. 

Most ratings, when one considered two-stroke engines and compressors for 
four-stroke engines, seemed to fail. Compressors were coming in for four-stroke 
engines for forcing an additional charge into the cylinders, and he thought it would 
not be long before the compressor, used for two-stroke engines, would wipe out the 
valves. There would then be no valve throat to measure. 

Mr. J. Ronca said the author had shown several tabular statements indica¬ 
ting that, within a variation of about 60 per cent., he got 5 h.p. per square inch 
of effective valve opening. Those figures had been obtained with what might be 
called ordinary engines ; he would like corresponding figures for engines opera¬ 
ting with super-compression or super-charging. 

Mr. R. A-Ababrelton, speaking as a ratepayer and a house-'owher, hoped 
that when any change in the method of rating was made, care would be taken 
to see that the heavy motor lorry p:iid its proper share. The damaige done by 
such lorries was immense. 

Mr. a. F. Evans said he had ascertained that, on the present basis of taxation, 
a Mark V Tank with a '6-inch howitzer behind it would pay twice as much 
as a Ford car. He suggested that if one took the piston displacement ol the engine 
in travelling a given distance with the gear box set in direct drive, one would get 
the ratio of gear and engine size and revolutions—in tact, a better &gyr oxinia t ku i 
to horse<*power than by any arbitraxy arrasagemeiit cl cylinder dimenskma without 
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revolutions or gear. If one could add to that the weight of the fully-laden vehicle 
and apply a constant, a more equitable rating basis would be obtained. The 
measuring of the inlet orifice could be readily overcome by extending the orifice 
into a venturia. It would be more equitable to take the area of the jet than 
the area of the inlet port. 

Sir Dugald Clerk, in reply, said he agreed with Colonel O'Gorman that the 
case he made out in the paper for a change in the method of rating was not complete, 
but he thought, nevertheless, that by some such method as he suggested it would 
be possible to get a much closer approximation to the real power than with the 
p| or any other cylinder dimension rule. He did not propose that the new 
method should be applied at once ; he had stated that a go^ deal of inv^tigation 
was necessary. 

The cubic capacity rating was quite inaccurate ; it assumed that an engine would 
give a piston speed proportional to its stroke, and that was not the case. 

Professor Daiby favoured a tax on fuel. Personally, he thought that if it were 
carried out efficiently, and withput too much red tape, the fuel tax would provide 
a fairer basis than any cylinder rating, because it would take total mileage into 
account. If one consumed a certain number of gallons per annum, and took the 
number of horse-power one could get out of each cubic centimetre of fuel, one 
would have a very fair idea of the to^l horse-power one's car had used during 
the year. Both the trade and the R,A.C. differed very strongly from the findings 
of the Departmental Committee which dealt with the subject. They favoured 
tl'.e cubic capacity idea, but had been given to understand that the Treasury 
would not accept a rating which was more untrue than the present one, which 
was the case with the volume rating. 

If the Treasury were given a value which had some connexion with the actual 
power of the engine, and if there were little possibility of evading it, they would 
probably agree to adjust the rate per horse-power. Personally, he would advocate 
a fuel tax if he saw any possibility of its being adopted ; but there was none. 

Professor Dalby also suggested that the Chairman's arrangement might be 
integrated. That would be very useful, and be another way of getting a yearly 
record of the horse-power; but he feared the integrating arrangements would 
be rather more complicated than the Chairman's original apparatus. It would 
be a good idea if it could be carried out. 

He agreed that an engine running at a piston speed of 1,000 feet per minute would 
always give about the R.A.C. rating. That was the piston speed experimented on 
in 1906, and was a very usual one ; but one could not bind the makers down to it, 
and if smooth running was obtained with a speed of 2,000 feet no one would object 
to the higher speed, which was, in fact, quite common at the present time. 
Personally, he would be strongly against altering the motor rating; he was in 
favour of keeping it as it was, and altering the factor with regard to it, but the 
trade had only themselves to blame when they advertised their cars as 14/40, 
30/98 and so on, and boasted about the power their engines developed which 
did not have to be paid for. 

He appreciated Dr. Ormandy's point about the consumption of petrol increasing 
more rapidly than the output. It was a serious matter, and one which he himself 
had been i»ossing in connexion with the general use of oil instead of coal. If 
the process continued ^e 'world’s supply of oil might soon become exhausted 
b^ there was a natural remedy—the economic remedy; the price would rise. 

• He did not see why motor taxation should cause loss of trade. He understood 
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American motors differed in some respects from those made in this country, and 
were designed to make a more efficient use of rougher roads, and so on. He did 
not think motor rating causing the building of long-stroke engines had much 
effect there. 

Mr. ‘Ronca mentioned super-compression. During the last twenty years he had 
made many experiments in super-compression. He did not think there was the least 
likelihood of a very large extension of super-compression for internal combustion, 
engines of motor cars, except perhaps for racing purposes. 

Mr. Evans spoke of piston displacement. He had drafted a proposal for a rating 
on that basis during the past few months. Such a rating meant fixing the piston 
speed if one could have a fixed piston speed there would be no difficulty about 
it. One could get a very fair rating if one could get the piston speed, but one could 
not get it from a dimension, and the R.A.C. were asked to produce a rating depending 
only on dimensions. 

The Chairman, in proposing a hearty vote of thanks to Sir Diigald C lerk for his 
paper, said it might be suggested that rating should not be based entirely on horse¬ 
power, in the sense of being exactly proportional to it, but should go up in the 
same way as super-tax. Large cars were a luxury, and he suggested that for 
horse-powers of 15 or over the tax should rise as the square of the horse-power, 
or in some such way. Not only were large cars a luxury, but they were a 
greater danger to the public, and they wore out the roads more rapidly. 

The vote of thanks was carried unanimously, and the meeting then terminated. 


GENERAL NOTE. 

Royal Microscopical Society. —The Council of the Royal Microscopical Society 
have accepted an invitation to hold a conference at Sheffield on April 20th, 21st 
and 22nd. Important papers will be read and discussed, and receptions given 
by the Lord Mayor of Sheffield, the Vice-Chancellor of the University and the 
Master Cutler. There will be a Trade Exhibition and the arrangements also 
include visits to the works of leading firms. Sir Robert A. Hadfield, Bt., F.R.S., 
and Mr. A. Chaston Chapman, F.R.S., have been appointed delegates for the 
Royal Society of Arts. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o'clock :— 

April 22.— Cedric Chivers, J.P., Mayor of Bath, “ Bookbinding." Emery 
Walker, F.S.A., will preside. 

April 29.— ^Andrew Balfour, C.B., C.M.G., M.D. (Edin.) B.Sc., 
D.P.H., F.R.C.P.E., "The Trend of Modem Hygiene." Sir George 
Newman, K.C.B., M.D., D.C.L., F.R.C.P., Chief Medical Officer, Ministry of Health, 
will preside. 

May 6.—Air Vice-Marshal Sir William Sefton Branckbr, K.C.B., A.F.C., 
Director of Civil Aviation, Air Ministry, " Commercial Aviation." His Grace 
THE Duke of Sutherland, President of the Air League of the British'tempire, will 
preside. 
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May 13.—(Joint Meeting of the Royal Society of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society.) Thomasskn a Thuessink Van der 
Hoop, “ The Flight to the Netherlands East Indies.” (The paper will be read in 
English). Air Vice-Marshal Sir William Sefton Brancker, K.C.B., A.F.C., 
will preside. 

May 20.— Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., “ William 
Sturgeon and the Centenary of the Electro-ihagnet.” Alan A. Campbell Swinton, 
F.R.S., late Chairman of the Council of the Society, will preside. 


Indian Section. 

Friday afternoons, at 4.30 o’clock. 

May S.^Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
“ Indian Meteorology.” ♦ 

May 22.— Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.E., ” The 
Industrial Progress of the Mysore State.” 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E,, C.B., C.M.G., 
” The Heart of Asia and the Roof of the World.” 


Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o’clock :— ^ 

June 18.— Hon. W. G. A. Ormsby-C^re, M.P., Under Secretary of State for 
the Colonies, ” East Africa.” 


Dominions and Colonies and Indian Sections. (Joint Meeting.) 

Thursday afternoon, at 4.30 o’clock :— 

April 16. —The Rt. Hon. Lord Stevenson, 'G.C.M.G., ” The British Empire 
Exhibition,” Sir Charles Campbell McLeod, Bt., will preside. 


Howard Lectures. 

Monday evenings, at 8 o’clock:— 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, ” Motor Fuels.” Three Lectures. 
April 20, 27, May 4. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Tuesday, April 14. .Transport, Institute of, (Students’ 
Society^ at the Institution of Electrical Eneineers, 
Savoy Place, Victoria Embankment, W.C. Mr. H. 
G. Scott, ** Station Accounts and Returns in Relation 
to the Final Balance Sheet of a Railway Company.” 

Electrical Engineers, Institution of. (£. Midlands Sub- 
Centre), at the College, Loughborough. 6.45 p.m. 
Discussion on ” Justifiable Small Power Plants.” 

Wbdmbsday, April 15.. Embroiderers* Guild, 74, Gcos- 
venorStreet,W. 6pm. Dr.SibylWelsh,” Stitdu^ 
in Relation to Desi^.” 

Electrical Engineers, Institution of, (Sab-Centrri, at the 
Royal Victoria Hotd, Sheffield. ' 7.30 p.m. 1^. F. S. 
Goocher, *' The Stieiigth of Metals at High Tempera- 
torei.'’ 


ham 6.30 p.m. Messrs. W. B. Lewis and G. S. 
Irving, ” The Scientific Treatment of Boiter Feed- 
Water, introducing the Colloidal Aspect.” 


Friday, April 17. .London Society, at the Royal Society 
of Arts, John Street, Adelpni, W.C. 3 p.m. Air 
Vice-Marshal Sir William Sefton Brancker, 
*' Impressions of London from the Air.** 

Engineers, Junior Institution of, 39, Victoria Street, 
S.W. 7.30 pm. 

Sanitary Institute, at the Medical Baths, Torquay. 
7.30 p-m. Discussions on x. The Desirability of a 
New Public Health Act.** 2. ” The Town Planning 
and Housing Problems at Torquay.** 3 ** The Spa 
Treatments of the Medicinal ^tbs, Torquay.** 
4. ** Maternal Mortality.” 

Central Asian Society, at the Royal United Service 
Institution, Whiteh^ S.W. « pm. 

Photomphic Society, 35, Rossdl ^uare, W.C. 7 pm. 
Dr. H. D’Aicy Power, ** The Reproduction of Cdour 
and Tone.** 


Thurboav, April x6.. Mechanical Englneeis. Institution Saturday, April z8.. Sanitary Institute^ at the Medical 
of, (Midland Seedon), at the Queea*B Hotel, Binning- Baths, Torquay. 10 a.m. Disoostioiis oootiaiiod. 
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NOTICES. 

NEXT WEEK. 

Monday, April 20th, at 8 p.m. (Howard Lecture.) Professor John 
Samuel Strafford Brame, F.I.C., F.C.S., late President of the Institution 
of Petroleum Technologists, ** Motor Fuels.** (Lecture I.) 

Wednesday, April 22nd, at 8 p.in. (Ordinary Meeting.) Cedric Chivers, 
J.P., Mayor of Bath, ** Bookbinding.** Emery Walker, F.S.A., will preside. 

PROCEEDINGS OF THE SOCIETY. 

INDIAN SECTION. 

Friday, March 6th, 1925. 

The Rt. Hon. Viscount Chelmsford, G.C.S.I., G.C.M.G., G.C.I.E., G.B.E. , 

in the Chair. 

The Chairman said no one was more qualified to deal with the subject under 
discussion that evening than Sir Henry Sharp, who joined the Educational Service 
in 1894, and had only recently left it. For some 12 years Sir Henry held a very 
responsible position at the headquarters of the Government of India, and had 
been responsible for most of the University Acts of the last 10 or 15 years. What he 
did not know about Indian universities was not worth knowing. He had not 
finished his educational labours, but was at present Secretary of the Oxford 
University Commission, and was working very hard in that capacity. Personally, 
he (the Chairman), not only as Sir Henry's late Chief in India, but also at the present 
time, was deeply indebted to him for the extraordinary industry and energy he was 
putting into his work as Secretary of the Oxford University Commission. 

The paper read was :— 

THE DEVELOPMENT OF INDIAN UNIVERSITIES. 

By Sir Henry Sharp, C.S.I., C.I.E., M.A. 

The University in India is an affair not only of educational, but also of 
economic and political interest. It is a cause of self-congratulation to the 
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Government as a whole, of some anxiety to the guardians of the public purse and 
of deep distrust to those who see nothing but disaster in the extension of 
learning. Its buildings serve as a prominent adornment for the cities, its 
councils as a convenient platform for the budding politician and its organisation 
as a subject of keen debate for the legislatures. Above all, it is the pride and 
darling of the middle class. The lad of this class in Bengal learns from his 
cradle to look towards the Senate House of Calcutta as a Mecca which will 
secure him his passport to Paradise. Paradise may mean in the end a thriving 
practice in law or medicine, a High Court Judgeship or a responsible post in 
' the administration of the country. Or it may mean a clerkship of ^^40 a year. 
Any-way it means something, presents endless possibilities and is intenjely 
alluring. Hence the University has attained surprising popularity. In 1914, 
Bengal, with a population equal to that of the United Kingdom, contained 
likewise an equal number of University students. There are at the present 
moment sixteen Indian Universities, 253 constituent or affiliated Colleges or 
departments, 4,393 professors and teachers and nearly 67,000 students. The 
object of this paper is briefly to trace the growth of .these institutions. 

If there are any who think that the history of Universities in India, whatever 
else it may be, is at least short, extending over a period of less than seventy- 
years, they are doomed to disappointment. For in truth the story extends over 
some twenty-four centuries. Ancient and mediseval India had its University 
institutions; and, though the ideals of those times differ from the ideals of to-day, 
and though the main object of this paper is the development of the modem 
University, it is necessary to speak, however briefly, of those institutions. 

The narrative falls into five clearly defined chapters. The first and in time 
far the longest chapter is that which tells of the old indigenous institutions. 
The second deals with the inchoate beginnings of a modem system. The third 
is ushered in by the famous despatch of 1854 and tells of the five original 
affiliating Universities of India. During this period there was a Commission 
on Indian Education in 1882-83. But the Universities were excluded from its 
terms of reference ; so it is unnecessary to refer to it. The fourth commences 
with Lord Curzon's Universities Commission of 1902 and describes the attempt 
then made to reform a system which in the opinion of many had already out¬ 
lived its day. The fifth begins with the Government of India's Resolution of 
1913# which, enforced by the findings of the Commission of 1917-19 on the 
Calcutta University, initiated a new and striking epoch in the history of Indian 
Universities. 

The beginnings are lost in the mists of antiquity. The Mahabharata and the 
Jatakas make mention of Taxila as a great centre of Vedic and afterwards of 
Buddhist learning, even before the invasion of Alexander. To that centre 
princes and Brahmans sent their sons for education. The monasteries of 
Taxila were devastated and burned by invaders. Other seats of learning arose, 
among which Nalanda attained to special fame. Hiuen-Tsang, the Chinese 
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pilgrim, has left the following account of this monastery as he saw it in the first 
half of the seventh century A.D. “ The monks, to the number of several 
thousands, possessed every distinguished talent and a mass of knowledge. 
Among them were several hundreds who by their capability earned fame among 
their contemporaries and whose reputation was borne even to other countries. 

.Those who required lessons and who discussed deep problems 

never found the days long enough. From mom to eve they provided each other 
with information; young and old united in bringing each other to perfection. 
If any were incapable of discussing the mysteries of the Tripitaka, they were 
counted as nothing and covered with shame. Therefore foreign students who 
desired to obtain reputation all used to come to this monastery to solve their 
difficulties and often the fame of their talents became known afar. And for 
the same reason those who travelled under the name of pupils of Nalanda could 
obtain every distinguished honour. If a man of another country wished to 
enter and take part in the conferences, the guardian of the gate used to put 
difficult questions to him. The greatest number would be reduced to silence and 
turned back. It was necessary to have dived deep into ancient and modem 
books in order to obtain entry there. Consequently the students who journeyed 
thither to get instruction had to discuss at length in order to sho.v their capacity. 
Seven or eight out of every ten were always ploughed. Ii the tw'o or three who 
were left appeared well instmeted they were questioned one by one in the midst 
of the assembly and every effort was made to blunt the sharpness of their wit 
and to destroy their reputation; but those who had high intelligence, vast 
emdition, strong memory and powerful capacity would add their glory to that 
of their predecessors and follow their example." This passage is interesting as 
showing the manner and difficulty of the matriculation examination of those 
days. Less than thirty per cent, were able to obtain admission within the 
portals of learning. In the modem Universities of India less than thirty per 
cent, of the candidates fail to do so. It is also interesting in that it shows that 
the instruction, like that in mediaeval European Universities, was carried on 
largely by means of public disputations. 

Another pilgrim, I-tsing, entered as a student at Nalanda in the latter half of 
the same century. He had some unpleasant experiences while making his way 
up from the Hooghly. He was attacked by a disease which sounds rather like 
malaria. He was also attacked by a band of brigands and, hearing that pale- 
coloured foreigners were sacrificed to heaven, he disguised himself by entering 
a muddy hole and covering his body with mud and leaves. He tells how the 
student. began with the commentary of Gayaditya and then occupied the 
remainder of his two or three years* course with compositions in prose and verse 
and the study of logic and metaphysic. The following passage indicates the 
value attaching to the Degrees (if one may use the term) and has a.distinctly 
modem ring about it. " At Nalanda and Valabhi," writes I-tsing, ** eminent 
and accomplished men assemble in crowds, discuss possible and impossible 
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doctrines and, after having been assured of the excellence of their opinions by 
wise men, become far-famed for their wisdom. They proceed to the King's 
court to lay down before it the sharp weapon of their abilities; there they 
present their schemes and show their talent, seeking to be appointed in the 
practical government. When they are present in the House of Debate they 
raise their seat and seek to prove their wonderful cleverness. When they are 
refuting heretic doctrines all their opponents become tongue-tied and acknow¬ 
ledge themselves undone. Then the sound of their name makes the five moun¬ 
tains of India vibrate and their renown flows, as it were, over the four borders. 
They receive grants of land and are advanced to a high rank ; their famous 
names are, as a reward, written in white on their lofty gates. After thlsithey 
can follow whatever occupation they like.*' 

The Muslim conquest dealt a blow at Nalanda and other institutions. We 
hear that, in the reign of Kutb-uddin, Nalanda, still a flourishing monastic 
University was attacked and not a single scholar was left alive. Nadiya too 
was destroyed. But the Muhammadans themselves were by no means neg¬ 
lectful of learning. Already, at a date earlier than the Norman Conquest, 
Mahmud of Ghazni had established a University in Afghanistan and had shown 
himself a generous patron of learning. It is told of him that he ordered the 
mouth of the Professor of Philosophy to be thrice filled with jewels as a reward 
for a smart saying. The invaders brought their culture into India. We hear 
of a College at Delhi in the reign of the ill-fated Sultana Raziya. The ravages 
of Chingiz Khan drove a host of learned men from neighbouring countries to 
the Delhi court; and the poet Amir Khusru says that the city could compete 
with Bokhara, then the great University city of Cratral Asia. Gradually schools 
and collies rose throughout the land. Jaunpur became a notable centre of 
the University type. The Mughal Emperors carried on the work begun by the 
earlier dynasties. 

It may be urged that these ancient institutions had little in common with a 
University as now imderstood. But they contained the essentials of teaching 
Universities and in certain respects resembled the mediaeval Universities of 
Europe. They owed their greatness partly to the existence of religious orders 
and monasteries, partly to regal and private munificence. Notwithstanding 
their decay under the stress of confusion and war, the torch of learning was 
handed on under a widely disseminated system of tols, whose pandits conferred 
titles of honour, of madrassas and of similan: places. Dr. F. W. Thomas, to whom 
I aun indebted for much assistance on these matters, has described the process. 

From the simple poets of the Vedic age," he writes," to the Bengali philoso¬ 
pher of the present day there has been an uninterrupted succession of teachers 
and scholars. The immense literature which this period has produced is 
thoroughly penetrated with the scholastic spirit; and the same has left a deep 
in^)ressibn on the social conditions of the people among whom that literature 
was produced." The tradition has survived. The earliest institutions of 
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British times were moulded on that model. The Universities of to-day have 
recognised that tradition and contain schools and departments of Oriental 
learning. The methods of research have changed. But the tol has not changed; 
and mod[em research depends largely on the tol for the supply of its material. 

The early European settlers were fully engaged in trade and in war and had 
little leisure to devote to educational problems. In Portuguese territory, 
nevertheless, the religious orders had organised a fairly complete system. 
Tavernier found a splendid Jesuit College in Goa, the partial reconstruction 
of which, after a fire in 1663, involved an expenditure of about £30,000. With 
the consolidation of British ascendancy things began to take shape. Govemors- 
General, Governors, the servants of the Company, missionaries and the Indians 
themselves, all contributed to the building up of institutions of various kinds* 
Warren Hastings founded the Calcutta Madrassa in 1781. The Sanskrit College 
at Benares was established in 1792. In 1813 the Court of Directors sanctioned 
the expenditure of a lakh a year for the revival and promotion of literature 
and for the introduction and promotion of a knowledge of the sciences. In 
1816 the Hindu College was founded at Calcutta by Indians for instruction in 
English literature and science. Bell, Schwarz and the Society for the Promo¬ 
tion of Christian Knowledge pursued their activities in Madras. The missiona¬ 
ries made great efforts in Bombay, seconded by Mountstuart Elphinstone. 
It would be beyond the scope of this paper to enter into a description of the 
beginnings of learning under the British raj. But it is necessary to allude to 
one matter which determined the trend of education in India and was in part 
responsible for the University system as adopted. This was the controversy 
between the Grientalists and the Occidentalists. The contest, commenced 
about the last decade of the eighteenth century, was waged with ever increasing 
acerbity. The servants of the Company, nervous of the effects of missionising 
agencies, frequently combined with the more conservative among the Indians 
to restrict education to the type they had found in existence. The missionaries 
and the more progressive Indians, especially in Bengal, advocated the introduc¬ 
tion of Western learning. The servants of the Crown took up first a mediating 
attitude, but gradually ranged themselves on the side of the Occidentalists. 
The Court of Directors, influenced by the mission bodies, advised a cautious 
advance and went so far as to allow the transmission freight-free of an exten¬ 
sive philosophical apparatus," consisting of “ a complete set of mechanical 
powers, a complete whirling table," and other strange devices, for the initiation 
of science in the Hindu College. In 1823 Raja Ram Mohan Roy wrote to Lord 
Amherst in protest against the founding of the Calcutta Sanskrit College. 

If it had been intended to keep the British nation in ignorance of real know¬ 
ledge, the Baconian philosophy would not have been allowed to displace the 
system of the schoolmen, which was the best calculated to perpetuate ignorance. 
In the same manner the Sanskrit system of education would be the best calcu¬ 
lated to keep this country in darkness, if such had been the policy of the British 
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legislature.*' Still more emphatic was Macaulay's Minute of 1835, in which he 
scoffed at Oriental literature," its history abounding with kings thirty feet high 
and geography made of seas of treacle and seas of butter." This was imme¬ 
diately followed by Lord Bentinck's Resolution, which stated that the great 
object of the British Government ought to be the promotion of European 
literature and science and that all the funds appropriated for the purposes of 
education would be best employed on English education alone. But the 
pendulum had swung too far. The Orientalists were scotched but not killed 
by Macaulay's antitheses ; and, in 1839, Lord Auckland, while reiterating the 
prior claims of Western learning, guaranteed the maintenance of existing oriental 
institutions. We may be thankful that the general policy, inevitably and, on 
the whole, beneficially adopted, has not excluded Eastern lore and that 
the study of Oriental literature finds an honourable place ,in the modern 
Universities. 

And the need for such Universities was beginning to be felt. Indeed, even 
before 1835 the second period in the history of Indian Universities had com¬ 
menced—the period of tentative beginnings on a modern type. For there 
actually existed at that time an institution possessed of the Degree-giving 
power. Alarmed by the hostility which the Company's servants showed to¬ 
wards missionary zeal, Cary, Marshman and Ward had selected the Danish 
settlement of Serampore for the headquarters of their labours. In 1827 ^^ey 
obtained from the King of Denmark a Royal Charter empowering the College 
to confer Degrees of rank and honour ; and the continuance of this power was 
guaranteed to the College by the Treaty of Purchase in 1845, when Serampore 
was transferred to the British. As a matter of fact, the privilege was never 
exercised till 1915, when several Degrees of Bachelor of Divinity were conferred. 
For ordinary studies Serampore is affiliated to the Calcutta University and will 
probably confine itself to the conferment of theological Degrees. 

Nor was Serampore the only potential University. In 1839 Lord Elphinstone 
recorded a Minute advocating a University for Madras, open only to those who 
possessed some knowledge of English. The institution came into existence, 
first as a high school; a University Board was established in 1841; and the 
school expanded into Presidency College in 1853. Its creation was due to 
Government order, not to Charter or legislation. 

So the first two bodies established in India with modern University aims were 
definitely teaching institutions. Had their example or that of the old indige¬ 
nous Universities been followed, the course of University history in India might 
have been radically changed. But other factors were coming into play. A 
mass of unconnected institutions, controlled, some by Government, some by 
Missions, some by Indian committees, had sprung into existence. There were 
Committees of Education in the Presidencies. But their powers were ill-defined. 
It was necessary to organise and correlate the competing institutions. The 
schemes of testing candidates for entry into the public service had presentea 
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difficulties. And, in 1836, there had arisen in London a University shaped on a 
model which seemed appropriate to these needs. Nine years later the General 
Council of Public Instruction in Bengal submitted a scheme for a central 
University at Calcutta, based upon that model. Its object was to be the besto¬ 
wal of marks of distinction upon deserving pupils, so that they might be 
recognised as fit to enter the learned professions and to occupy the higher offices 
of Government then open to Indians. The scheme was warmly recommended 
by Lord Hardinge. But the Court of Directors curtly negatived it. 

Another nine years elapsed, and then came the great Despatch of 1854— 
the Charter of Indian education. It ranged over the whole field and, as regards 
Universities, declared that the rapid spread of education of a liberal character, 
the high attainments shown by candidates for Government scholarships and 
by students of private institutions, the success of the Medical Colleges and other 
causes had led the Court of Directors to change their mind. Truly a remark¬ 
able change in so short a space of time, and no doubt largely attributable to 
missionary influence, which has played so large a part in the spread of higher 
education in India. The upshot was that Universities were to be established at 
Calcutta and Bombay and would be sanctioned at Madras or in any other part 
of India where a sufficient number of institutions existed. The form and 
functions were to be those of the London University. But it is noteworthy that 
additional characteristics were to be, first, the creation of professorships, con¬ 
nected with the University, in subjects for which full facilities did not then exist 
elsewhere in India, such as law, civil engineering and, strange as it may 
sound, the vernaculars and learned languages of the country; and, second, 
periodic visitation of affiliated institutions by Government inspectors. 

Lord Dalhousie, while dutifully accepting the scheme in principle, indited a 
long Minute, criticising details and especially the proposal for University 
Professors. He thought that sufficient Chairs either existed or would be 
created in the constituent Colleges. In 1857 were introduced and passed 
for Universities at Calcutta, Bombay and Madras. In 1882 and 1887 the 
Universities of the Punjab and of Allahabad were established. All these were 
of the affiliating and examining type. Only to the last were teaching functions 
accorded; and those functions were never exercised during this, the third, 
period of University history. 

Now the London model of 1836 had been adopted in London not so much by 
reason of any inherent excellence as through the well-known difficulties which 
had assailed the original scheme of a teaching University for London put for¬ 
ward in 1825 by the poet Campbell, Sir Isaac Goldsmid and Lord Brougham. 
In India the model was deliberately adopted as suitable; and there were 
created five Universities of the type which depends wholly, so far as teaching is 
concerned, upon independent institutions. The progress of events in India was 
just out of step with that in England. One year after the foundation of the 
first three Indian Universities, the difficulties of the affiliating system of London 
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led to the grant of a new Charter; and, from 1888 onwards, three Royal Com¬ 
missions have investigated the problem of London University. 

Nevertheless, the five affiliating Universities of India, though founded on a 
model which has since been strongly criticised and often condemned, proved 
eminently suitable to the conditions prevalent at the time. A number of Col¬ 
leges had grown up haphazard under different authorities. It was necessary 
to create a body which should see fair play between them and command public 
confidence. The country was large and communications were defective. 
Parents wished to have Colleges at their doors and did not desire that their sons 
should face the risks which the unfortunate I-tsing encountered—much as the 
chance of such risks was reduced. It was desirable to recognise Colleges at 
outlying stations. The scheme adopted was easy and, above all, cheap. It^ 
produced some excellent scholars. Perhaps, if the beginning had been made 
with centralised teaching Universities, the results might in the end have been 
more satisfactory. But, so long as undue strain was not put upon the system, 
its inherent defects did not manifest themselves. The strain came when the 
institutions multiplied exceedingly. 

Lord Curzon perceived the danger and sought to meet it. The difficulty was 
the same as that which was recognised in London in 1858. The standards and 
conditions of training differed at the different institutions. The Universities 
had no control over methods of instruction and no power of inspection. The 
examination had become an end in itself, hampering the teacher, mechanical 
in its operation and necessarily adapted to the weaker vessels. Lord Curzon 
appointed a Commission. Witnesses suggested an obvious remedy—the 
foundation of more Universities. The claims of Bangalore, Trichinopoly and 
Trivandrum, of Nagpur, of Rangoon and of Aligarh were urged before the 
Commission. But its members, sensible of the disadvantages which such a 
multiplication might produce, took a more conservative line and recommended 
that consideration of so momentous a question should be postponed until the 
changes they proposed had been tested by experience. The most important 
among those changes were as follows. While it was deemed expedient that the 
training of undergraduates should be left mainly to the Colleges, the Univer¬ 
sities should justify their existence as teaching bodies by making further and 
better provision for advanced courses of study. Fellowships (which involved 
membership of the Senates) were no longer to be given by way of compliment. 
The conditions of affiliation were to be tightened up. Schools were to be 
recognised for presenting candidates at matriculation only if recognised by the 
State. 

These reforms, save the last, which was not accepted by Government, were 
embodied in the Universities Act of 1904. This Act ushers in the fourth period 
6 i development. It did not radically change the system. The Government of 
each University remained vested in a Senate which prescribed courses of study 
for a number of affiliated Colleges, examined their students and conferred 
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Degrees. In the words of Sir Hugh Orange, the " principle of the federal 
University which examines those whom it has not taught received by the Act 
of 1904 a new lease of life." It is difficult to understand the storm of criticism 
to which this cautious and moderate measure was subjected. A probable 
explanation is that the five Universities^ brief as had been their existence, and 
though they were essentially imports from abroad, had endeared themselves to 
the middle classes, who saw in them a convenient mechanism for hall-marking 
their sons as fit for employment. Any attempt to touch that mechanism was 
regarded with suspicion. It was urged against the Bill that the teaching power 
now bestowed was merely a sham and would remain a dead letter, that private 
liberality would not be attracted, that the Senates would henceforward be 
dominantly European, that the Universities would become departments of State, 
that private institutions would perish and that Western education would be 
restricted and checked through the malignancy of a jealous Government. 
Every one of these dismal prognostications was falsified. During the fourth 
period an elaborate systemof post-graduate study grew up in Calcutta; and similar 
systems, on a lesser scale, were established elsewhere. So elaborate indeed is 
the Calcutta scheme that we find eight teachers for nine students in anthropo¬ 
logy and the same figures in experimental psychology. Among private 
donations may be mentioned the benefactions, expressly for University 
teaching, of Sir Taraknath Palit and Sir Rash Bihari Ghosh, aggregating about 
£180,000. The Senates, though regulated in their composition and reduced in 
size (the Bombay Senate had grown to 310 Fellows), have remained largely 
Indian bodies ; and the number of Indian members is increasing. The Univ¬ 
ersities have not been devitalised but have shown themselves anything but 
subservient to Government. Private institutions have not suffered. And 
above all, so far from the growth of higher education having been checked, the 
numerical expansion has been unparalleled. From 1902 to 1907 the number of 
students in Arts Colleges had increased by less than 1,000 ; from 1907 to 1Q12 
it increased by over 10,000. In 1917 the Calcutta University, which sixty years 
before had only ten authorised Colleges, could boast 58 affiliated institutions with 
28,000 students; and the total for all India was 58,000 students as against 
25,000 ten years earlier. 

Indeed, the Act of 1904 has often, in the light of subsequent events, been 
criticised as over-cautious and over-conservative. The fact is that the Com¬ 
mission of 1902 and the Government hesitated to take a plunge not devoid of 
danger, preferred to repair rather than to replace and deemed it prudent to 
await the result of their experiment and the ripeness of time. Lord Curzon 
afterwards said of the Act: " We provide the machinery for reform; but we 
leave the Universities to carry it out." How did the Universities perform this 
task ? The question is hardly a fair one. It would be fairer to ask how could 
they perform it in face of the overwhelming increase just described? Assisted 
by State grants, they did assume teaching functions in varying degrees, and they 
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did commence regular inspections of the Colleges. But each year saw an en¬ 
hancement of the difficulty which is apt to beset the affiliating University— 
the impossibility of coping with indefinite expansion. Once more Indian 
legislation was out of step with the advance of thought regarding the prototype 
of Indian Universities. In 1898 Parliament had given a new constitution to 
London University, based partially upon the findings of the second Royal Com¬ 
mission, commonly called the Gresham Commission, which, in opposition to 
some strongly expressed opinions, had recommended the continuance of a 
single University for the metropolis, armed both with teaching and with exam¬ 
ining functions, the University and its Colleges being more closely welded to¬ 
gether through the system of University teachers and Faculties. No doubt 
this solution was largely present to the minds of the Indian Commissioners of 
1902. But already voices in London were being raised against the compromise. 
In 1910 a third Royal Commission was appointed, which made the following 
weighty pronouncement. '' Experience has shown that the Gresham Com¬ 
mission were mistaken in believing it was in any way possible to organise a 
homogeneous University by connecting a number of financially and educational¬ 
ly independent institutions with a central degree-giving body endowed with 
the limited power and influence possessed by such a University as they pro¬ 
posed.” 

If there was dissatisfaction in London, there was cause for actual apprehen¬ 
sion in India. How could the same five Universities which had dealt with less 
than 12,000 students in 1887 now deal with five times that number ? How 
could a single University equate through a necessarily mechanical examination 
hosts of candidates drawn from utterly unequal institutions, among which, 
in the city of Calcutta, one spent £20 and another less than £4 per annum on 
the education of each of its pupils ? How could standards be maintained in 
isolated and often ill-equipped Colleges ? The thing had become impossible. 
In 1910 a Department of Education was created in the Government of India. 
In 1913 a Resolution was published in this Department laying down an extensive 
policy in all branches of education. While recognising the good work done 
under difficult conditions by the affiliating Universities and the necessity for 
their continuance, it stated that it was essential ” to restrict the area over which 
the affiliating Universities have control by securing in the first instance a 
separate University for each of the leading provinces in India and secondly to 
create new local teaching and residential Universities within each of the provin¬ 
ces in harmony with the best modem opinion as to the right road to educational 
efficiency.” With this pronouncement the Government of India took the 
plunge, and the knell was sounded of the monopoly hitherto exercised by the 
five affiliating and examining Universities. The door was opened, and local, 
provincial and communal spirit took advantage of the opening. The fifth stage 
of development commenced. In 1917 four new Universities came into opera¬ 
tion. Then Government, before proceeding further, decided to obtain the best 
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expert advice as to what is the right road. The Sadler Commission was appoint¬ 
ed. Since its report, seven other Universities have come into existence, 
making a total of sixteen. 

What were the defects which the new order sought to remedy ? The Sadler 
Commission enumerated eleven defects in the University system of Bengal, 
which was the sp>ecial object of its enquiry. I do not propose to recite them 
all. Allusion has already been made to the principal difficulties -excessive 
numbers and Colleges widely scattered and often meagrely staffed. The 
Commission endorsed the scheme, already worked out by a Committee under 
the chairmanship of the late Sir Robert Nathan, for a separate teaching 
University at Dacca. The Calcutta University itself was to be remoulded on a 
type declared to be unprecedented, so as to produce a synthesis of the central 
body and its satellites. Colleges situated in the mufassil were to be placed under 
a separate Board and would in time either sink to the level of preparatory 
institutions or crystallise into self-contained Universities. But the Com¬ 
mission made other recommendations of prime importance. First, they pointed 
out that the system of government through a single body, the Senate, aided by 
its executive committee, the Syndicate, was ill-devised. They proposed a 
large Court, deliberative and legislative ; an Executive Council with financial, 
administrative and certain legislative powers; and an Academic Council, 
consisting mainly of University and College teachers, which should be the final 
authority for the great bulk of ordinary academic business. This recognition 
of the place of teachers constitutes a radical reform. It had been anticipated 
by the Government in the Bill which they introduced for the Benares Hindu 
University. Second, the Commissioners urged that the partial control exercised 
by the University over schools was inappropriate, overloaded the Syndicate 
with work and brought it into difficult relations with the State educational 
organisation. They recommended that secondary education should be placed 
under the care of a Board of Secondary and Intermediate Education, separate 
both from Government and from the University but containing representatives 
of both. Third, they perceived that the Colleges were hampered by undertaking 
work which properly belonged to the school stage and were clogged by a mul¬ 
titude of pupils unfit to embark on a course of University study and only anx¬ 
ious to obtain admission to a career for which no University training should be 
required. They accordingly advised that the first two years of the University 
course, the so-called Intermediate stage, should be relegated to the schdol 
organisation and that institutions offering it should be controlled by the Board 
just mentioned. 

As a result of the new policy proclaimed by the Government of India in 1913 
and the findings of the Sadler Commission, eleven new Universities have come 
into being, nearly all of which carry out all or most of the recommendations 
of that Commission. Bihar and Orissa and the Central Provinces are now 
served by the Universities of Patna and of Nagpur. Unitary Universities have 
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arisen at Benares, Dacca, Aligarh, Lucknow and Delhi. Burma, which was 
previously included within the jurisdiction of the Calcutta University, has 
now its own imitary University at Rangoon. The State of Mysore possesses 
a federal University, comprising two Colleges in Mysore City and one in 
Bangalore. The State of Hyderabad has the Osmania University, where 
the medium of instruction is Urdu. A University for women, independent 
of Government aid and regulation, has been established by Dr. 
Karve, with headquarters at Poona. Here also instruction is through the 
vernacular. Its title is conspicuous for its length. It is known as the Srimati 
Nathibai Damodar Thackersey Indian Women's University. With the five 
old aflSliating Universities. India has thus sixteen Universities ; or, if the Ali¬ 
garh Muslim National University be included, seventeen. Proposals are now 
on foot for an Andhra University in Madras Presidency and a -(jniversity at 
Agra. 

What of the future ? The resolution of 1913 contemplated a University for 
each major province and local teaching Universities. Each major province now 
has its University. Moreover, though the Calcutta University, on which the 
Sadler Commission reported, has undergone no important change save its 
transfer to the Government of Bengal, alterations on the lines recommended by 
that Commission are in process of taking place elsewhere. At Allahabad in 
particular the constitution and the conditions of recognition have been entirely 
remodelled. The affiliating University has still a long life before it in India, 
But an immense stride has been taken in the creation of the local and resi¬ 
dential, or, as I have called it, the unitary University, by which I mean not 
necessarily a single teaching institution, but also a University embracing a 
limited number of Colleges able, by reason of their contiguity to one another, 
to co-operate and, so to speak, pool their resources. Thanks to the zeal of Sir 
Harcourt Butler, this policy has found its most vigorous expression in the 
United Provinces. Fears are expressed that the multiplication of Universities 
may produce a lowering of standards owing to unhealthy competition; and it is 
pointed out that these schemes have been launched during a period of financial 
stringency. Any such danger, if it exists, is probably more than counter¬ 
balanced by the advantages of the new departure. But further, is not this 
departure rather likely to raise the standard, if not immediately, at least 
eventually ? The pressure brought to bear in favour of the cheapening of de¬ 
grees was already powerful. M. Chailley and others had noted the mediocrity of 
the normal attainment. Lord Curzon had been invited by respectable new^ 
papers to commemorate the name of Queen Victoria by lowering the examina¬ 
tion standard all round. The University has been regarded as utilitarian; 
and the gate of learning must not bar the road to livelihood. The policy now 
adopted is calculated to produce (in the words of the Haldane Report) " A 
community of workers devoted to the pumuit of knowledge for its own sake and 
tenacious of this ideal/* Surely in such an environment the student is more 
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likely than of old to find his eyes turned to the hills of truth—though without 
necessarily losing sight of the valley of this world. For in the unitary Univer¬ 
sity may be found concentration, atmosphere, collaboration, a corporate 
spirit and local enthusiasm, where formerly there existed isolation, divided 
effort and cryings in the wilderness. Again, the reformed Indian University 
will no longer have to cater for the lad whose abilities and ambitions limit him 
to some walk of life for which no University training, worth the name, is 
required. For the Intermediate classes are there excluded, just as in England 
the Universities have through centuries been transferring such studies to the 
more important schools and concentrating on higher work and better brains. 
Further, by the creation of proper academic bodies the teacher has come into 
his own ; and the majority of Indian collegiate teachers, who have taken up the 
profession seriously, are rightly zealous that their students should attain a good 
standard. Finally, the residential University bids fair largely to remedy the 
unwholesome conditions under which so many students have lodged in the past- 
The foregoing remarks necessarily omit many aspects of Indian Universities. 
It has been possible to give only a brief and bird's-eye view of their history— 
the ancient foundations; their decay under the stress of war and anarchy; 
the handing on of the torch through humbler institutions; the introduction of 
Western learning under an ordered Government; the inevitable demand for 
Universities of the Western type to crown the fabric of the new system; their 
creation in a form suitable to local conditions but big with potential difficul¬ 
ties ; the manifestation of those difficulties as the numbers to be handled 
increased ; the remedies adopted; and finally the recognition of the need for 
a supplementary system of local teaching Universities. I do not pretend to 
generalise about the relative merits and defects of large affiliating Universities 
and small unitary Universities. But the moral is clear as regards India— 
however convenient may be the fonner type it is not capable of indefinite expan¬ 
sion and at the same time of maintaining its efficiency. It is by no means dead 
and in some instances, it may be urged, it is not yet overgrown. But it is in 
the success of the latter type that the future of University education in India 
mainly rests. The reform,” said Lord Reading in May last, ” is proceeding, 
hampered, it is true, in many cases by difficulties of finance, but proceeding 
nevertheless with a wider horizon of intention and a greater variety of aims than 
at any past period of University history in India.” 

DISCUSSION. 

T»e Chairman (Viscount Chelmsford) congratulated the author on the extremely 
interesting paper he had presented. If there was one criticism he could make 
in regard to it it was that the author had been too discreet. A man so well qualified 
as the author might have let himself go on the present occasion, now that he was 
free from the trammels of office, and it would have been of great value to hear his 
freer observations on the problems outlined in the paper. 
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He thought no one could be altogether happy about the history of education 
in India under British rule. It might be said to have begun with Macaulay’s great 
Minute, to which the author had alluded, and the decision of Lord Bentinck's 
Government to adopt English as the medium of instruction. That decision had 
been fraught with most momentous consequences, not only in the educational, 
but in the political sphere. 

When he himself was in India he had often spoken to Indians who were 
interested in educational problems, and, anxious as they were for all they could 
get out of Western education, they expressed the view that the Minute to which 
he had referred gave far too decided a bias in the Western direction to the whole 
trend of education in India, and ignored the fact that there could be anything good 
in Eastern institutions or methods. 

Turning to the political aspect, it could not be denied that nearly all the 
political development which had taken place in India in the last hundred years had 
been the logical and inevitable result of the policy which was laid down by l^ortf 
Macaulay and adopted by the Government of that time, because it at once intro¬ 
duced Indians to Western political ideals and aspirations, whether or not those 
ideals or aspirations were best suited to the East. One could not hold out in one's 
educational system certain ideals and aspirations cis the best the West could offer 
without the demand for them being made and inevitably granted, whereas 
probably it would have been far better for the East to develop its own ideals and 
aspirations. 

One could not be altogether happy, moreover, about the development that had 
gone on in India of the higher rungs of the ladder, in view of the fact that the lower 
rungs of secondary and elementary education had been so neglected. The result 
was seen in the findings of the Sadler G>mmission, that there was a large number 
of students going up to the Universities imperfectly equipped for taking advantage 
of University education, because they ought to have attended secondary schools 
for at least another year or two. Consequently, the Universities were given up in 
the earlier stages of undergraduate life to teaching which a University ought not 
to give, and which certainly ought to have been finished with in the secondary schools. 
Thus arose the swelled numbers which were another obstacle in the way of the 
proper administration of the Universities. 

It had fallen to his lot to appoint the Sadler Commission. He visited Calcutta 
University about six months after he was appointed Viceroy, and became convinced 
that what was required was guidance from a Commission which would have no 
political side to it at all, but which would be entirely composed of educationalists 
of the highest stamp. He had been careful to confine the inquiry to Calcutta, 
because he felt that what could be got from the examination of one great University 
would give guidance with regard to Universities generally in India. It was 
impossible, of course, for the Commission to examine the problems of Calcutta 
University in vacuo; they visited and made themselves acquainted with the 
conditions of other Universities in India, but they had as their text Calcutta 
University. Any one who took the trouble to read the massive tomes which were 
the result of the two years’ work of Sir Michael Sadler’s Commission would feel 
that it had done its work well and worthily, and that the gentlemen who served 
on the Commission deserved commendation for what they did. 

As the author had stated, Calcutta University had not really attempted to 
profit by the Report of the Commission, but the work of the Commission had not 
been altogether in vain, because other Universities had taken its Report very largely 
as their guide for reform and developmeii^, and thus one of the purposes for which 
the Commission had been appointed had been fulfilled. 
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It must be confessed that British rule and British administration were responsible 
for the present state of affairs, but in many matters the hands of the Government 
had been forced by the public demand to follow a certain course. The author had 
once told him that he did not doubt that even the Minute of Lord Macaulay was very 
largely influenced by the state of public opinion amongst educated Bengalis when 
he wrote it. Ever since then the pressure on the part of the educated classes for 
higher education as distinct from secondary and elementary education, had been 
a very potent factor in the policy which had been pursued. 

It was all the more disappointing when one remembered the extraordinary zeal 
which was displayed by many of the students and undergraduates. He had been 
greatly impressed in going over Calcutta University and its hostels to find that the 
boys were memorising whole text-books. That, of course, was not the sort of 
instruction which a boy should get from a University, but it was a standing 
testimony to the zeal, grit and determination of the boys who did it. 

He remembered the late Mr. Bhupendranath Bhose, who was a master of the 
English language, and who could put many English people to shame by the choice¬ 
ness of his language and the perfection of his form, as well as the ease, facility and 
clarity with which he expressed his views, telling him that in his student days he 
found himself confronted with a question in his Examination paper the answer 
to which he knew was to be found on a certain page of a text book which he had 
memorised. His knowledge of English at that time, however, was so poor that he 
did not know what portion of the page contained the answer to the question and so 
he put the whole page down as the answer, and felt very much aggrieved when 
the examiner did not give him full marks, but pointed out that though it was true 
that, contained in what he had written was the answer to the question, it was quite 
obvious from the irrelevant matter he had also put down that he did not apprehend 
the question asked of him. 

Personally, he could not look on a thing like that except with the greatest 
admiration. If English people had the same thirst for education that the Bengali 
students displayed it would be a wonderful thing for the country, and it was all 
the more tragic that, through the mistaken policy in University education which had 
been pursued, Indian students had not ^en able to get the best out of their 
University training. 

He regretted the fact that it had been the policy in India to use University 
Degrees or Examinations as a passport to Government employment. That put the 
University in an entirely wrong position. So far as the Indian student was con¬ 
cerned, it led him to believe that the purposes of a University were something (|uite 
different from what they ought to be. 


Sir Claude F. de la Fosse, C.I.E., M.A., D.Litt., said the author had been 
careful to steer clear of the rocks of controversy in his very comprehensive and 
lucid, but cautious, account of Indian education. Personally, he (the speaker) 
was chiefly interested in the work done by the Sadler Commission and its influence 
upon the older Universities, and the results it produced in the Universities which 
had been created since that Commission reported. It had fallen to his lot to 
prepare drafts for four Bills for the reform of old and the constitution of new 
universities, in accordance with the recommendations of the Calcutta University 
Commission. As Vice-Chancellor of one of those universities he had gained further 
experience of the subject. 

In the United Provinces, with which, he was best acquainted, tiie politicians 
were not much enamoured of the old system of affiliating universities, and put up 
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very little opposition to the reform of Allahabad University and the creatioa of 
a new University at Lucknow. They saw in the creation of the new Universities 
a form of university government which was more representative, and they hoped 
to get a larger influence in the direction of university policy. They endeavoured 
to get the Bills modified in the Council with a view to giving themselves more 
representation upon the executive authority of the university and a larger repre¬ 
sentation upon the court. At the present time a member of Council was a very 
important person in India. A man who was on the Legislative Council was 
held in great awe, and the pohticians probably hoped they would be treated by the 
universities with the same respect as they were in their own constituencies. After 
he had served as Vice-Chancellor for some time, he came to the conclusion that 
nothing but good had come from the democratisation of the boards of the 
universities which was thus brought about. At the first meeting of the court 
several leading politicians thought it advisable to talk in the same general manner 
on education that the)'' were accustomed to do to their colleagues on the Council, 
but they came up against the teachers at once. When they proposed that the 
University should be more sympathetic towards candidates for examination they 
were asked what they meant, and had to explain that they meant lowering the 
standards, and then they got themselves into trouble. After a time they became 
cautious about what they said. By serving on the University Iwards and learning 
the views of the university, they came to look upon it as their duty, iis members 
of Council, to examine closely criticisms^ of the ITnivcrsity in the Council, and to 
help the University wherever they considered it needed help. Their work in the 
University was an education to them in University matters, and at the same time 
the University obtained a great deal of valuable assistance from them in times of 
crisis in the Council. 

Turning to the academic side, under the old system a professor was liable to work 
in isolation. A Professor of Physics, for example, however eminent, might find 
himself at a distant college where he had no stimulus from his colleagues, and where 
he found the steady grind of instructing pupils of a low standard of attainment 
very irksome, so that he gradually got stale. Under the new system there was a 
head for each department of teaching, with a number of colleagues under him, and 
there was rivalry between the departments to produce really good work. Under 
the old system there was no opportunity for an ambitious young teacher to win 
distinction, but now, if he were anxious to gain the respect of his colleagues, he had 
to work continuously and had to go in for research. 

There was a great deal of enthusiasm for research in the younger Universities 
at the present time. The work done so far was not of great imx>ortance, but the 
spirit was there. There was a natural tendency to produce results too soon, but 
before long a teacher who was at the head of a department would be able to 
persuade his juniors not to publish their work until they had studied the questipns 
with which they were dealing more thoroughly. 

There was, under the new system, a stimulus for higher and better teaching 
which would react on the student community, and, instead of working solely for the 
purpose of getting a Government appointment, the better students were beginning 
to work for the sake of the work, from a desire to promote learning. That tendency, 
in the Allahabad and Lucknow Universities at any rate, was quite marked. For 
many years the Indian student took little interest in history, but now the work being 
done in the historical department by studentsi was of great value. There was an 
immense field for research before them and they were beginning to get to work 
upon it. That kind of thing was practically impossible under the older system, 
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where the colleges were scattered alxjut, and where the teachers only met once or 
twice a year to discuss their courses and examinations. There was no doubt that 
on the academic side the new Universities were an improvement on the old. 

With regard to the student community, the bringing together into one place 
of a large number of young men led to some letting off of hot air in the debating 
societies, but it did not go beyond that. They were now better looked after ; they 
were organised in hostels and had their tutorial instruction. Even day scholars were 
attached to hostels so that they might have their tutorial work in the hostel. 
They were all kept busy, and there was very little time for them to make themselves 
troublesome in the towns. There was now greater rivalry for pre-eminence. To 
be the head of a learned association was a great ambition among them, and un¬ 
doubtedly the games were carried on very much better than they used to be. Under 
the old system military training was an inipossibility ; but now that the corps were 
centred at residential Universities they were receiving military training under 
British sergeants, and the sergeant instructors had been astonished at the 
enthusiasm and interest they were displaying. 

Principal Mohan Lal Tannan. Sydenham College of Commerce and Economics, 
desired to refer to two aspects only of university education in India. In the first 
instance, he wished to deal with the general apathy which Indian universities 
show'etl tow'ards higher commercial education. The lecturer referred to the 
Paradise which was in store for a good many Indian graduates—clerkships at £^o 
a year. The reason for that was, to a large extent, the fact that Indian universities 
did not really recognise certain branches of education. It was only in 1912 that 
the University of Bombay gave a lead in the matter. The Government of Bombay 
then started the Sydenham College of Commerce and Economics. That lead was 
followed by other universities and by other Provincial Governments, and to-day a 
good many of the Indian universities conferred the degree of Bachelor of Commerce. 
Last year the University of Bombay took a further step in the matter and instituted 
the higher degree of Master of Commerce. He hoped further encouragement would 
be given to higher commercial education, because if India wished to develop her 
industries and commerce it was essential that those who were to be the heads 
of the various commercial houses and industrial concerns should be properly 
trained. 

The second point to which he wished to refer was the poverty of the average 
Indian student as far as general knowledge was concerned. For that too he was 
afraid the Indian universities were responsible to a large extent. There were 
universities even to-day which did not encourage the study of such subjects as 
geography. It was only a few years ago that, thanks to the efforts of SirHarcourt 
Butler, it was decided to have a Chair of Geography at the University of Allahabad, 
but, unfortunately, up to the present, that Chair had not been filled. It was essential 
that Indian students should possess more general knowledge, as did students in 
the West, so that they might be fitted for different kinds of work, and not only 
know to cram up books for passing examinations. 

Dr. F. W. Thomas, M.A., Ph.D., thought it would be universally admitted 
that without a spirit of research the spirit of university life could not be said to 
exist. The research work which was being carried out by Indian universities 
at the present time was of considerable value. Economics was encouraged in 
Calcutta, Bombay and Madras; history in Allahabad and Calcutta; and in the 
last-named many other branches of study were encouraged and valuable works 
constantly produced. 
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The pre-Muhammadan history of University education in India was very 
fragmentary, and the subsequent history of Hindu education, until the time when 
the British took it up, was a process of almost continuous decay. It must be 
recognised, however, that when the British started operations in India, they were 
able, to work to a considerable extent on a foundation of both primary and higher 
educational institutions which existed among the Hindus. It was unfortunate that 
political and other controversies intervened at an early period, and the eflfccts of them 
remained at the present time. When Macaulay went out as Educational Member 
to India in 1835, he practically carried with him his Minute in his pocket. It was 
an old question, and the factors which decided it were not entirely educational, 
but had much to do with the position of the missionaries and their attitude towards 
native learning. The pandits of the Hindu college were well aware of what they 
had to expect from Macaulay's accession to power. 

He would like to ask the author whether he thought that the question of orien-' 
talism and oriental studies in Indian education might be taken now,as settled. He 
was told that m Benares alone there were at least 100 native tols —private schools— 
where th^ education was given by pandits in the old Hindu fashion in their own 
houses. It frequently happened, he believed, that those who took their degrees 
in the University of Benares received the training for their degrees in the tols. 
He had some acquaintance with pandits and others interested in oriental learning, 
and the question was one which he found very interesting. He would, therefore, 1x5 
glad to have some idea of whether the question of the relation of native Hindu 
learning to the universities might be regarded as now settled. 

In this country a large proportion of the students in the Universities were preparing 
for professions such as law or medicine, and there was no doubt as to the relation 
between their studies and the professions they were destined to follow. That was 
more or less the case in India also, because the modern pursuit of medicine and 
law in India had taken the direction dictated by European knowledge. That did 
not apply to the religious sphere at all, and it applied only partially to the sphere 
of medicine, because there had been a marked reaction in India during the la.st 
generation towards the Hindu and Muhammadan systems of medicine. To a lesser 
degree the same was the case with regard to certain portions of legal education. 
Taking the matter of science alone, there still remained an important unsolved 
question as to the relation between university.studies in India and the life of the 
people. 

He could not help thinking that the linguistic question again was one which of 
necessity preesnted itself at the beginning of university and higher education in 
India, and one which had still to be definitely settled. 

Lord Chelmsford, having to leave the meeting, the Chair was taken by Colonel 
Sir Charles E. Yate, Bt., C.S.I.. C.M.G. 

Mr. R. k-ABABRELTON Said unfortunately there was considerable disloyalty 
amongst students who came to this country from India. Could not something be 
done to obviate that ? 

Mr. Thomas W. Hodgkinson said that, as one having some knowledge of India, 
he recognised there was a huge held open to Indian students if they could get some 
qualification which would hall-mark them to show their efficiency for business, 
commercial and industrial positions. He did not think one could employ the 
advantages of the universities to the full extent by allowing so many of their students 
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to become clerks at Rs. 40 a month ; there were many callings which were open to 
Indians of good character and education in commerce, and in which they could rise 
to positions of considerable importance if they could first get satisfactory commercial 
qualifications. 

The Chairman (Colonel Sir Charl(‘s Yate) said the paper under discussion had 
given hhn a more hopeful idea of Indian universities than he had entertained for a 
considerable time. He felt doubtful, though, whether he could acquiesce in the 
author's opening remarks, where he said that universities in India were a cause of 
self-congratulation to the Government. He had never thought they were that, 
because it seemed to him they turned out a lot of ill-disciplined and half-educated 
boys who were not properly taught, and who had had no proper system of education. 
The author went on to say that the universities served as a convenient platform 
for budding politicians. He did not know that it was the aim of the Government 
of India to create politicians. The author had also said that university education 
might mean anything from a passport to paradise to a clerkship of a year, but 
that gave an imperfect idea of what the value of a university degree was in India. He 
had recently seen an extract from an Indian paper reporting a speech in the 
Legislative Asembly in which Mr. Hepin Chandra Pal had stated that the current 
price of a Hindu bridegroom, if he were a B.A., was Rs. 5,000, while that of the M.A. 
was higher still. To show that that was not exaggerated, details were given of a 
price which a Hindu father put on his son who had returned from England and 
entered the Service on Rs. 375 a month. The total amount was given as Rs. 8,400. 
From that he gathered that a certain monetary value was put by Bengali students 
on a university degree. 

The question to be considered was what useful purpose was served by an Indian 
university degree. The standard exacted for the Calcutta University Matriculation 
was so low as to be altogether worthless. It was very difficult to get an idea of 
the comparative value of the degrees given by the different universities in India, 
and he gathered that the Revenue Member had himself stated that he could not 
appraise the value of the degrees conferred by the various universities in India when 
he had to select candidates for appointments to the various Departments. The 
standards were both variable and altogether too lOw. He had asked many questions 
in the House of Commons with the object of having the standard of examinations 
raised, if possible, to that prevailing in the universities in this countr5\ He wanted 
Indian universities to confer degrees which would be recognised as being equal 
to those given by English universities, so that Indian university degrees might 
be recognised in the United Kingdom. He hoped the author would be able to say 
what steps were being taken to increase the value of the examinations, and to 
stop the enormous rush of half-educated boys into the universities. 

What should be given in India was a useful, practical, technical education. 
Memorising should be stopped. He hoped the Government of India would take 
the (|uestion up and endeavour to see that a really practical education was given, 
and not permit the present system to continue, which only turned out annually 
thousands of half-educated young men unfitted for agricultural, industrial or 
commercial pursuits. 

Sir Henry Sharp, in reply, said that if any progress had been made in university 
education in India it was largely due to the sympathetic attitude adopted by a 
succession of distinguished Viceroys, who had taken the greatest interest in the 
subject, and of them none was more sympathetic nor more interested than Lord 
Chelmsford. 
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It had been said that the paper was over-cautious. He had thought it his duty 
to narrate and not to criticise^ but there were a good many things he could have 
said which might be rather disturbing to some of those present. 

Lord Chelmsford put his finger on a very important point when he spoke of the 
whplesale adoption of Western ideals in India. That was inevitable. The Govern¬ 
ment of India, even in 1835, had lost control of the movement; but the fact of the 
matter was that Western influences had gone too far in education. There had been 
a rush for the learned professions, which caused an unnatural spread of higher 
education. The passion for employment in those professions or in Government 
service created an enormous demand for education of the so-called higher type, 
and when that was supplied, it in turn created a demand which it was impossible to 
meet for posts in the professions and services. That led to M.A.’s getting employ¬ 
ment at £40 a year. Another result was that technical education had been thrust 
into the background, because the universities had grown up with a literary bias. 
Technological institutes had not flourished as they should have done. It was thd 
idea of the new Unitary Universities that a cure should be provided for that sort 
of thing. Owing to the very important recommendations made by the Sadler 
Commission, the lower strata had been cut off from university education and 
put where they ought to go—into the school organisation. 

He had heard from many sources that the introduction of politicians into the 
University C-ourts had had a good effect. Personally, he had always been afraid of 
them, but experience seemed to show that they had done well; he gathered that the 
universities had taught the politicians something. He was also glad to hear that 
research was showing signs of flourishing in the universities. That was only natural 
It could hardly do so in the older universities, where the colleges were so scattered. 

Dr. Thomas had asked a very important question—^whether the matter of oriental 
studies in India was settled. A conference of orientalists was held in Simla in 1911, 
and, when one considered that India was not a fast-moving country, he thought 
it w'ould be prudent to wait for a decade or two until the results of that conference 
became apparent! He admitted that there was a lack of correlation between the 
universities and the life of India ; that was due to the fact that there was so much 
more higher education than lower education in India. There was an amount of 
higher and university education comparable to what was found in Europe, whereas, 
when one went further down, there was only the minutest fraction of the amount 
of lower education. 

Personally he was very much interested in the question of medicine, because he 
had a good deal to do with the medical services. An interesting problem which 
awaited solution was the utilisation of the undoubted knowledge of Eastern doctors 
by Western medicine. That was to some extent beginning, but there was consider¬ 
able room for development. 

With regard to what Principal Tannan had said, he thought there was very great 
need for technical education in India, and he had the highest respect for the work 
done by the Sydenham College of Commerce in Bombay, but he thought that the 
work which that and similar institutions were doing should be done apart from the 
universities altogether. He would prefer to see institutions of that kind independent 
of the Universities and growing up along their own lines. In dealing with the ques¬ 
tion in India he had been almost overwhelmed by the strength of public opinion 
in favour of putting such institutions under the universities, because of the possi¬ 
bility of conferring university degrees. The diplomas of independent institutions 
did not carry anything like the same force in India as university degrees, which 
Aowed the hold the universities had over the people. He would rather see a 
greater variety of institutions. 
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As to the disloyalty of Indian students, which had been mentioned, he thought 
they learned a great deal of it in this country. 

With regard to Sir Charles Yate's remarks, he thought that a B.A. who was 
worth Rs. 5,000 must be a Brahmin or a Kulin Kayasth in addition. His academic 
qualifications alone would not make his value so enormous. He had been asked 
what useful purpose the university served in India. He had not definitely said that 
it served any useful purpose at all. but at the same time it was necessary to 
have universities ; one could not have an educational sj^tem such as existed 
in India without a coping stone at the top. He admitted the grave defects which 
had at times disfigured university education in India in the past, and he entirely 
agreed that the standard of degrees was very low. He hoped that the new univer¬ 
sities might help to raise that standard. At times he had made himself unpopular 
in India by trying to get the standard raised, but at the moment there was no 
examination standard laid down comparable with that of any institution in England, 
except for the fact that a certain number of schools examined for the Cambridge 
l.^al Examinations. He thought some English commercial diplomas were also 
examined for in India. The low standard prevailing was greatly to be regretted, 
but it did not prevent Indian students from rising to a very high standard when 
they were well-taught and had natural capacity. He thought the new Unitary 
Universities would provide a cure, but the remedy must be very slow, because the 
evil had gone so deep. 

On the motion of Sir Robert W. Carlisle a vote of thanks to the authcvwas 
carried unanimously. 


Sir Edward A. Gait, K.C.S.I., C.I.E., writes:— 

I am very sorry that I was unable to wait for the discussion of Sir Henry Sharp’s 
interesting paper, as there were several points I should have liked to mention. In 
particular I should have liked to refer to the prospects of University education 
in India. Sir Henry thinks that the change resulting from the multiplication 
of Universities, especially those of the “ Unitary " type, justifies an optimistic 
view. There is, however, another new factor, which seems to me to point in the 
opposite direction. Under the reformed scheme of Indian Government, education, 
in all its branches, is one of the departments which has been handed over to popular 
control; and, though there are, no doubt, many who think differently, the vast 
majority of Indians hold strongly to the view that, whatever else it may be, 
education must be cheap, and that a University degree, as the necessary passport 
to remunerative employment, must not be very difficult to obtain. When such views 
prevail it is idle to expect any improvement in university education in India. 

An instance of the way in which this feeling finds practical expression has just been 
afforded in my old province. The scheme for the Patna University, w^hich had been 
prepared by the local Government and accepted by the Government of India, before 
the introduction of Dyarchy, provided for the replacement of the existing colleges 
in Patna City by new buildings on a spacious site outside the city, where up-to-date 
lecture rooms, laboratories, hostels, etc., would be erected, .and proper arrangements 
would be made for the varied intellectual, social and sporting amenities which a 
modem university should provide. This scheme has now been abandoned,,and 
it has been decided instead to extend the present obsolete buildings on their 
crowded site in the heart of the city, where the true university atmosphere can 
•never be developed. This decision has been reached, not in a spirit 6 i opposition, 
but after a bovd fide consideration of the facts, on the ground that the original plan 
would plabe an honours course beyond the means of the poorer students. 
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NOTES ON BOOKS. 


Islands: West Indiam-Aegeam. By Sir Arthur E. Shipley, G.B.E.. F.R.S. 
lAmdon: Martin Hopkinson and Co., Ltd. 6 s, net. 

This book is the result of two trips made by Sir Arthur Shipley—the first to the 
West Indies, whither he went, as Chairman of the Governing Body, to take part 
in the laying of the foundation stone of the Imperial College of Tropical Agri- 
culture in Trinidad; the second to the Isles of Greece. Many of the chapters 
appeared in The Times, but those who read them there will be glad to see them 
again in this handy form. 

l^any people have visited the West Indies and written about them, but Sir Arthur 
Shipley comes with a fresh eye and some of the solutions which he suggests of 
difficult problems are, to say the least, original. Thus, his proposal to secure# 
sufiicient coolie labour for British Guiana is delicious. ''The East Indian is 
clamouring to get into Kenya, where he is not wanted,* and he declines to enter 
British Guiana, where he is welcome, and where he frequently raises himself 
to a position of independence and often of affluence. The opinion of those qualified 
to judge is that the only chance of attracting bim back to British Guiana is 
entirely to forbid his landing there." 

A good deal of the book is naturally devoted to the Imperial College of Tropical 
Agriculture. The potential wealth of the tropics is incalculable, but if it is to be 
developed on sound lines it must be able to rely on the aid of up-to-date scientific 
knowledge. Many problems are calling urgently for investigation, and research 
into these will form not the least valuable part of the work of the College. It will 
also form not the least expensive part of it, and it is to be hoped that planters 
and others who wUl reap the benefit of thes:^ investigations will be ready to contribute 
liberally to the support of the new foimdation. 

The second part of the book records a pleasant yachting trip of five weeks spent 
Wiong the' Isles of Greece. This portion is illustrated by some interesting photo¬ 
graphs of the Street of the Knights, Rhodes, and also of Santorini. Comparatively 
fieiw people have visited this, the southernmost isle of the Cyclades, but Sir Arthur 
considers it the most fascinating of all the Aegean Isles. 

The History and Romance of Cavendish Squarf. and its Vicinity.— By 
Percy Rudolph Broemel, F.R.S.A. Second edition. London : T. B. Mills. 
15 . net. 

Cavendish Square and its neighbourhood have been associated with many 
famous names. The first house to be completed was Harcourt House, designed 
by Inigo Jones. The foundation stone was laid in 1722, and later on the house 
passed into the possession of the Duke of Portland.. It was the original of " Gaunt 
House " in " Vanity Fair." Unfortunately, it was demolished in 1904 to make 
room for residential flats. 

Number 18 has been occupied for the last eight years by the Consulate-General 
for the United States of.America, with which office the author of this pamphlet 
is connected. The present house was built in 1750, but probably there was a 
much earlier building on the site, as there are still in existence underground 
passages and a dungeon, and, it is alleged, a ghost who wears the uniform of an 
officer of Charles II. . 

Mr. Broemd has been at great pains to identify the various houses in Cavendish 
Square and its vicinity, associated with the names of famous men and) 
womenj and his booklet gives much information about an interesting neighbouthood. 
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MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o'clock :— 

April 22.—Cedric Chivers, J.P., Mayor of Bath. “ Bookbinding." Emery 
Walker, F.S.A., will preside. 

April 29.—Andrew Balfour. C.B., C.M.G., M.D. (Edin.) B.Sc., 
D.P.H., F.R.C.P.E., " The Trend of Modem Hygiene." Sir George 
Newman, K.C.B., M.D., D.C.L.. F.K.C.P., Chief Medical Officer. Ministry of Health, 
will preside. 

May 6.—Air Vice-Marshal Sir William Sefion Brancker, K.C.B., A.F.C., 
Director of Civil Aviation, Air Ministry, " Commercial Aviation." His Grace 
THE Duke of Sutherland, President of the Air League of the British Empire, will 
preside. 

May 13. —(Joint Meeting of the Royal Society of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society.) ' 1 'homassen a Thuessink Van der 
Hoop, “ The Flight to the Netherlands East Indies.” (The paper will be read in 
English). Air Vice-Marshal Sir William Sefton Brancker, K.C.B., A.F.C., 
will preside. 

May 20.—Professor John Ambrose Fleming. M.A.. D.Sc., F.R.S., " William 
Sturgeon and the Centenary of the Fllcctro-magnet." Alan A. Campbell Swinton, 
F.R.S., late Chairman of the Council of the Society, will preside. 


Indian Section. 

Friday afternoons, at 4.30 o’clock. 

May 8.--S1R Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S.. 
" Indian Meteorology." 

May 22.— Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.E., " The 
Industrial Progress of the Mysore State." 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G.. 
" The Heart of Asia and the Roof of the World." 


Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o’clock :— 

June 18.— Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for 
the Colonies, " East Africa." 


Howard Lectures. 

Monday evenings, at 8 o’clock:— 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels." Three Lectures. 
April 20, .27, May 4. 

5 YLLABUS. 

Lecture I.— April 2oth. 

Problem of Motor Fuel Supply. Sources and production from Petroleuin— 
(" straight" spirit, casing head spirit, and " cracked spirit"). Motor benzole. 
Power Alcohol. Denaturants. Storage, handling and fire risks. 
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MBBTIN08 OP OTHBR SOGIBTIBS 
DURING THE ENSUING WEEK. 


Monday. April 20..Cold Storage and Ice Association, 
at tie Royal Society of Arts, John Street, Adelphi, 
W.C. 5 p.m. 

Brewing, Institute of, at the Engineers' Club, Coventry 
Street, W. 7.30 pjn. Messrs. H. W. Hannan and 
J. H. Oliver, “ Yeast Pressings.” 


Civil Engineers, Institution of. Great George Street, S W. 
6 p.in. (Students' Meeting). 

Geological Society, Burlington House, Piccadilly, W. 
5.30 p.m. Mr. W. L. F. Nuttall, ” tbe Strati^^hy 
of the Laki Series (Lower Eocene) of parts of ^d 
and Baluchistan (India); with a Description of the 
larger Foraminifera contained in those Beds.” 

Thursday, April 23.. Petroleum Technologists, Institution 
of, at the Royal Society of Arts, John Street, Adelphi, 
W.C. 5.30 p.m. Prof. Koggeman, ” The Present 
Status of the Oil Shale Industry in Esthonia.” 


Tianaport, Institute of, (Midland Sectioo), at the Chamber 
of Commerce, Birmingham. 6 pm. Mr. F. T. 
Walker, ** Shipping from the Provinces.” 

British Architects, Royal Institute of, q. Conduit Street, 
W. 8 p.m. Mr. P. J. Waldram, ” Natural and 
i^flcial Lighting.” 

Geographical Society, Lowther Lodge, Kensington 
Gore, S.W. 5 p.m. Dr. V. Meinear, ” The Deter¬ 
mination of Gravity at Sea in a Submarine.” 

Electrical Engineers, Institution of. Savoy Place, 
Victoria Embankment, W.C. 7 pm (Informal 
Meeting). Discussion on ” Latter-Day Wireless.” 

Victoria Institute, Central Buildings, Westminster. S.W. 
4.30 p.m. Rev. President M. G. Kyle, "Genesis 
Reoora and the Antiquity of Man.” 

Automobile Engineers, Institution of, (Local Centre), 
at the Chamba of Commerce, New Street, Birmingham. 
7 pm Mr. G. W. Wataon, " Brakes for Motor 
Vebiclea.” 


Tuesday, April 21. .Statistical Society, at the Royal 
Society of Arts, John Street, Adelphi, W.C. 3.15 pjn. 

British Architects, Royal Institute of, 9, Conduit Street, 
W. 3 pm Mr. R. L. Rathbone. " Metal Work.” 

Transport, Institute of, at the Institution of Electrical 
Enginem, Savoy Place, Victoria Embankment, W.C. 
3.30 pjn. 

Anthropological Institute, 32, Upper Bedford Place, 
W.C. a.30 p.m. (Joint Meeting with the Prehistoric 
Society of Eut AngUa.) i. Mr. H. Bidfour, **Tasmanian 
Stone Implements.” 2. Miss N. F. Layard, ” Recent 
Excavations on the Neolithic Site at St. Gertrude, 
Holland.” 8.13 p.m. Ordinary Meeting. Paper 
on Recent Excavatrans on Palaeolithic Sites at Creswell 
Crags, teb^ire.” 

Civil Engineers, Institution of. Great George Street, 
S.W. 6 pm Mr. D. Paterson," The J chore Cause¬ 
way.” 

Photographic Society, 33, Russell Square, W.C. 7 pjn. 

Physiology, London College of, 8, Taviton Street, W.C. 
8.13 pm Dr. S. Zarcbi, ” Mind and Disease.^* 

Royal Institution, Albemarle Street, W. 3.13 p.m. 
Prof. J. Barcratt, "The Effects of Climate on the 
Ciicalation.” (Lecture I.) 

C xffo nial Institute, Hotel Victoria, Northumberland 
Avenue, W.C. 4 pjn. Lt.-CQL R. £. Snowden, 
" Taanania: the Developinent of New Country.” 


Wednesday, Apeil 22.. Master Glass Painters, British 
Society at tto Art Workers' Guild, ^ (^eeu Square, 

W.C. 6 pm Mr.. J. A. Knowles, " The Preparation 
of Medtoval Designa for Stained Glass.” 

Mpteorokmica] Society, 49, Cromwdl Road, S.W. 3 
pm Rof. £. van Everdingen, " Clouds and Fore¬ 
casting Weather.” 

India Society, ar, Cromwell Road S.W. 9 p.m. Lecture 
by M. Silvain UvL 


Mecb a nir a l Engin ee rs , Inatitution of, (Yorkshire Section) 
S h e ffi e l d. 7.30 pjn. Prof. G. F. Chsmock, " Scnoe 
FaOacies ooooeraing Invention” 

Aotooiobile Engineers, Institutioo. of, (Local Centre). 
^ De a n s nte, Mancberier. 6.30 jpjn. Mr. G. W, 
Watson, "Bnte for Motor VeUdss.” 


Antiquaries, Society of, Burlington House. Piccadilly, 
W. 8.30 p.m. 

Electrical Engineers, Institution of, Savoy Place, Victoria 
Embankment, W.C. 6 p.m. Col. K. G. Maxwell 
and Mr. A. Monkhouse, " Recent Improvements in 
the Insulation of Electrical Machinery 

Mining and Metallurgy, Institution of, at the Geo l ogical 
Society, Burlington House, Piccadilly, W. 3.30 pjn. 

Automobile Engineers, Institution of (Graduat&’ 
Section), York Buildings, Adelphi, W.C. 7.30 pjn. 
Messrs. Buck and Hickm^, " Modem Machine Tool 
Methods.” 

Royal Institution, Albemarle Street, W. 3.13 p.m. 
Mr. F. K. Ward, " A Year's Exploration in Tibet.” 
(Lecture I.) 

Mechanical Engineers, Institution of, (Western Centre), 
at the Merchant Venturers' Technical College, Unity 
Street, Bristol. 7 p.m. Mr. E. S. Coward, " Patente 
and Inventions.” 

Ijnnean Society, Burlington House, Piccadilly, W. 
3 p.m. I. Mr. J. Parkin, " A Unique Feature in the 
Petal of Ranunculus, with remarks on the Phylogeny 
and Taxonomy of the Genus. 2. Mr. K. Kees, 
" Investigations into the Distribution and Ecology 
of Phacophyceap in Wales.” 

Chma Society, at the School of Oriental Studies, Fins- 
bun' Circus, E.C. 3 p.m. General S.T. Hsu, 
" Chinese Music.” 


Friday, April 24. .Engineering Inspection, Institution of, 
at the Royal Societv of Arts, John Street, Adelphi, 
W.C. 8 ‘p.m. 

Mechanical Engineers, Institution of, Storey’s Gate, 
Westminster, S.W. 6 p.m. Reports to the Hardness 
Tests Research Committee, i. Mr. G. A. Hankins 
" The Effects of Adhesion between the Indenting 
Tool and the Material in Ball and Cone Indentation 
Hardness Tests,” 2. Mr. G. A. Shires, " Some 
Practical Aspects of the Scratch Test for Hardness.” 

Electrical Enqineers, Institution of, (Scottish Centre), 
at the Technical ■ Institute, Dundee. 7 p.m. Dis¬ 
cussion on " Justihable Small Power Plants.” 

Metals, Institute of, (Local Section), at the Mappin HoU, 
The University, Sheffield. 7.30 p.m. Mr. B. Carr, 
" Chromium Plating.” 

Aeronautical Engineers, Institution of, at the Engineers^ 
Club, Coventry Street, W. 6.30 pm Commander 
C. D. Bumey, The Position of the Air Ship in Aerial 
Transport.” 


Photographic Society, 33, Russell Square, W.C. 7 p.m. 

Mr. J. E. Saunders," Close-up Portraits from the Zoo.” 
Phj^ical Society, at the Imperial College of Science, 
^uth Kensington, S.W. 3 p.m. Prof. W. Wien, 
" Recent Researches on I^tive Rays.” (Guthrie 
Lecture.) 

Philologie, Sciences et Beaux-Arts, Sod^tie Internationale 
de, 8, Taviton Street, W.C. 8.15 p.m. Mr. H. R. 
Hough, " The Story of the Bagpipes.” 


Royal Institution, Albemarle Street, W. 9 p.m. Prof. 
W. A. Craigie, " The Icelandic S^as.** 

.^TimoAY, April 23.. Royal Institutloii, Albemarie 
S^t, W. 3 p.m. Mr. W. P. Pycraft, " Use and 
Disuao-the Effect on Structure of Animals.” 
(Lecture I.) 
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NOTICES. 

NEXT WEEK. 

Monday, April 27th, at 8 p.m. (Howard Lecture.) Professor John 
Samuel Strafford Brame, F.I.C., F.C.S., late President of the Institution 
of Petroleum Technologists, “ Motor Fuels.'' (Lecture 11 .) 

Wednesday, April 29th, at 8 p.m. (Ordinary Meeting.) Andrew 
Balfour, C.B., C.M.G., M.D. (Edin.), B.Sc., D.P.H., F.R.C.P.E., " The 
Trend of Modern Hygiene." Sir George Newman, K.C.B., M.D., D.C.L., 
F.R.C.P., Chief Medical Officer^ Ministry of Health, will preside. 


DOMINIONS AND COLONIES AND INDIAN SECTIONS 
(JOINT MEETING.) 

Thursday, i6th April, 1925. Sir Charles Campbell McLeod, Bt., 
in the Chair. 

A paper on " The British Empire Exhibition " was read by Lord Stevenson, 
G.C.M.G. 

The paper and discussion will be published in a subsequent number of the 
Journal, 


HOWARD LECTURE. 

On Monday, April 20th, Professor John S. S. Brame, late President of 
the Institution of Petroleum Technologists, delivered the first lecture of his 
course on "Motor Fuels." 

The lectures will be published in the Journal during the summer recess. 


TEN-VOLUME INDEX TO “JOURNAL.” 

The amalgamated Index to the Journal of the Royal Society of Arts for Vols. 
LXI-LXX (1912-1922) is now ready, and can be obtained free by Fellows of 
the Society on application to the Secretary, Royal Society of Arts, John 
Street, Adelphi, London, W.C. The price to non-Fellows is 2s. 6 d. 
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PROCEEDINGS OF THE SOCIETY. 


FOURTEENTH ORDINARY MEETING. 

Wednesday, iith March, 1925. 

Viscount Burnham, C.H., LL.D., in the Chair. 

The Chairman said it was a great pleasure to him, as President of the Anglo- 
Belgian Union, to take the Chair that afternoon. It was not necessary for him to 
introduce M. Cammaerts, who was a man of letters of European reputation. Nobody, 
he ventured to think, had expressed with equal grace and felicity in critical and 
descriptive writings, the spirit and genius of his country. The world had recently 
had from his pen a book which was in reality a spiritual guide-book to Belgium and 
her people. It would not be possible to have all that information in a paperf 
but doubtless a great deal would be heard of that which was embodied in the latest 
of his writings. 

The following paper was then read:— 

THE RECONSTRUCTION OF BELGIAN TOWNS. 

By Emile Cammaerts. 

The work of repairing the damage caused in Belgium by the war may be 
considered to be practically accomplished. Thb cost of reparations, excluding 
all expenses incurred before the Armistice and the cost of the army of occupation, 
is estimated roughly at 19 milliard francs.^*^ Of this sum, 5,700 millions have 
been spent on financial charges (taxes levied during the occupation, etc.), 
and over i milliard on personal indemnities (pensions, etc.). The rest has been 
devoted to reconstruction properly speaking : 4 milliards to the restoration of 
State property (including railways, waterways, roads. State forests, ports, etc.), 
and roughly 8 milliards to the restoration of private property. With regard to 
State property, normal conditions were already restored in 1920, while the end 
of the reconstruction of private property is now within sight. Out of 100,000 
houses destroyed or badly damaged, 95,000 have been rebuilt, and, if we take 
into account 12,000 temporary buildings scattered over the country, we may say 
that the number of houses is larger now than before the war, even in the 
devastated districts. Out of 1,175 public buildings destroyed, 1,040 are now 
rebuilt. It is considered that i J milliards must still be spent to complete the 
work of reconstruction, the totd cost of which can thus be valued at 13^ 
milliards. 

One of the conditions which has favoured this work is the prompt return to 
the devastated areas of their original population, including a great number of 
workmen whose labour could be utilis^ on the spot. The population of 
West Flanders, the province which suffered most from devastation, numbered 
1,109,600 in 1914; it numbers to-day 852,000. Towns and villages which had 

(l) ;^2i 1,000,000 at the present rate of exchange. 

(») 
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been razed to the ground, such as Ypres, Dixmude, Nieuport, Gheluvelt, 
Zonnebeke, Passchendaele and Lombaertzyde, have come to life again, and 
shelter from 70 to 90 per cent, of their pre-war population. The following 
figures, though somewhat out of date, may give an approximate idea of the 
progress accomplished : 

Ypres 1914—19,000. ... 1924—13,500. 

Dixmude 1914— 3,700. ... 1922— 1,800. 

Nieuport 1914— 4,600. ... 1922— 3,600. 

Some small towns lying on the border of the old battle-zone, have made up all 
arrears, and even show an important increase. This is the case, for instance, 
in Menin : 1914—18,300, 1922—17,500 ; in Roulers : 1914—26,200, 1922 
25^900; and Fumes: 1914—6,500, 1922—8,000. The reclaiming of shell- 
pocked ground and of the marshes caused by the artificial floods of the Yser was 
completed last year, every one of the 90,000 hectares which the war had con¬ 
verted into a barren desert being now under plough or covered with rich 
meadows. 

The period of transition being practically at an end, whether we considei 
housing, population, or agriculture, it may be useful to examine the results of 
the work which has been so quickly accomplished, and to see how far the process 
of restoration or reconstruction has been efficiently carried out. There is no 
doubt whatever that the wish so often expressed by the Belgian people to 
efface the last traces of the war has been realised. It has become more difficult 
to-day to discover signs of the recent devastation in Flanders than it was during 
the war to discover remnants of its former prosperity. For the last year or 
two some fortified works and trenches near Nieuport and Dixmude, carelully 
preserved as war curiosities, have attracted a good many visitors. They are 
small oases of war in a landscape of peace, comparable to the few patches of 
ground which could still be seen after four years of hostilities in a landscape 
blasted by shell-fire. 

It is also evident that the purpose of the Belgian Parliament, expressed in 
the preamble to the 1919 Reconstmction Bill, has to a great extent been ful¬ 
filled : " Everything must be done in order to hasten the work of reconstruction 
and to put an end to the suffering of the unhappy people who have lost their 
homes, and have been obliged to appeal for hospitality in Belgium and abroad.*' 
The situation is perhaps not quite so satisfactory in some remote parts of 
the Namur and Luxembourg provinces as it is in Flanders, and in important 
towns such as Louvain, but, on the whole, the Belgian people may well be 
proud of the results achieved, in spite of the unsettled conditions and economic 
difficulties of the post-war period, and of the inadequate pa3nnents made by 
Germany (only 6J milliard francs).Most of the new houses are more com¬ 
fortable and more solidly built than the old ones, and measures have been taken 

( 3 ) £72,000,000. 
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to ensure to their inhabitants a minimum of comfort and to avoid the springing 
up of new slums. This minimum was defined, in 1920, in instructions circularised 
by M. Renkin, then Minister of Economic Affairs, to the responsible authorities. 
All dwellings must include at least four rooms, and cover a total area of at 
least 160 square feet. The frontage must not be less than 14 feet and the height 
of the rooms less than 7 J feet. Foundations, drainage and sanitary installa¬ 
tions must fulfil all the latest requirements of modern hygiene. It was, 
mifortunately, impossible strictly to adhere to these instructions in the last 
stages of reconstruction, owing to lack of funds, the State being obliged to 
supply the difference between the value of the old house and that of the new 
one ; but they will give a fair idea of the spirit in which the work of rcconstruc-, 
tion was carried out, and of the results achieved in the great majority of cases. 
It is enough to compare the neat brick houses, with cut-stone thresholds and 
window-sills, pitch-pine woodwork and sound foundations, with the old 
picturesque but frequently damp and insanitary cottages, to realise the 
progress accomplished, which repays the inhabitants for long months spent 
in huts and other temporary shelters. 

These huts, which are now gradually being deserted for permanent dwellings, 
were of invaluable help during the period of transition, not only because they 
afforded a refuge to the sinistres, but also because they provided housing for a 
great number of builders who flocked to the devastated areas. They were 
erected by the King Albert Fund, and from 1,600 in 1919, their number was 
raised to 10,000 in 1920, including schools, churches, town-halls, and hospitals. 
These huts can still be seen in the neighbourhood of all the devastated towns, 
but many of them are no longer inhabited by the sinistres, but merely by people 
who are experiencing the difficulties of finding homes, owing to the general 
shortage of houses. 

The question whether the work of reconstruction has improved or spoilt the 
picturesque aspect of Belgian towns and villages cannot be settled off-hand. 
There is a natural tendency to render reconstruction responsible for certain 
changes which could not possibly have been avoided. Part of the charm of 
old towns such as Ypres and Nieuport was due to the screens of old poplars and 
the patches of wood which surrounded them. Old trees could be seen even in 
the towns themselves, close to the church or along the bank of some canal. 
Those who know Bruges and have wandered along the Quai Vert will have no 
difficulty in realising what Nieuport, Ypres and Dixmude owed to the changing 
foliage of their trees. Time itself, by wearing out the bricks and covering 
stones and tiles with moss and lichen, had succeeded in softening the contrast 
of colour, and even in blurring, to a certain extent, the sharp design of some of 
the buildings. It was obviously impossible for the best architect to restore at 
once to Mediaeval and Renaissance cities the atmosphere provided by still 
water, great trees, weather-beaten tiles and pealing bells. If, therefore, we 
consider fliie work of reconstruction merely from the artistic point of view, we 
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are bound to admit that a great deal has been lost which only time and the 
patient work of Nature can possibly restore to us ; but, to be fair, we must also 
recognise that the efforts made, sometimes by private enterprise, but mostly 
under the control of the State, to preserve to the nation the finest and most 
inspiring of the buildings which had been razed to the ground, have not been 
fruitless, and that, in many instances, the general outline has been so conscien¬ 
tiously and scrupulously restored that we may foresee the time when future 
generations will take the same delight in these copies that we took in the 
originals in pre-war days. 

A distinction should first of all be established between ordinary dwelling- 
houses which were of no particular architectural interest, and old public and 
private buildings which were considered to be worthy of notice. With regard 
to the first category, we have already alluded to the efforts made to prevent the 
rebuilding of slums. Another interesting initiative is the planning and building 
of new workmen's cottages, sun'ounded with gardens, on the model of the 
English garden-cities. .Such cith-ourrieres have arisen since the war, notably 
in the neighbourhood of Ypres and in the new coal district of Limbourg. Some 
improvement is also noticeable in larger town houses, the plain monotonous 
frontage, so much favoured in the early nineteenth century, being replaced 
by the more picturesque and varied Renaissance gable. Some streets, in Lou¬ 
vain for instance, look certainly better to-day than they did in 1913. In other 
districts the control exerted by State and town architects has not been so 
stern or so successful. This is particularly the case in Dinant, where high 
three or four-storied buildings have been erected, marring the general aspect 
of the little town, which, in former days, seemed to crouch at the foot of the 
abrupt hills crowned by the citadel. 

It is particularly in connexion with the restoration of historical sites and 
buildings that the results achieved surpass all expectations, owing doubtless 
to the anxiety of local and central authorities to preserve a national heir¬ 
loom, and to give free scope to first-class architects who assumed full respon¬ 
sibility for the completion of their plans. These plans have invariably been 
drawn up on traditional lines, that is to say with the idea of reconstituting 
every feature of the old building. Whenever a new departure has been made, 
it has only been for the purpose of replacing some modem-looking edifices by 
new ones in the Renaissance style more in harmony with the chief buildings, 
so that, as soon as time and weather have exerted their beneficial influence, 
some sites will actually appear older than they did in pre-war days. 

The little town of Fumes, whose population has considerably increased since 
the war, affords an excellent example of partial restoration. Of 1,500 houses 
290 were destroyed; 325 have been restored or newly built since the 
Armistice. Any one standing to-day in the Grand' Place could scarcely realise 
that both the Renaissance H6tel-de-Ville and the Palace of Justice had been 
damaged, that the tower of Saint-Nicholas had suffered from shell-lire, and 
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that the houses on one side of the square had been demolished. Everything 
has been so carefully restored, even to the delicate tracery above doors and 
windows, that an expert might be led to suppose that only superficial repairs 
had taken place. 

The situation at Nieuport is stranger still. The little town, situated close 
to the locks which commanded the flooding of the Yser, was completely wiped 
out. Of 961 houses, 415 had already been rebuilt in 1922, and their number 
must exceed 600 to-day. The 13th-century church has been entirely restored, 
under the supervision of the King Albert Fund, by its architect M. Vierin. 
Most of the material used was taken from the ruins themselves. The 15th- 
century Cloth-Hall close by has been restored with the same care, and some 
modern houses, which stood on the right, have been replaced by a 16th-century 
Town Hall, connected with the Cloth-Hall by a covered bridge. The pre-war 
Town Hall, now the Law-Court, in Louis XVI style, has been greatly improved 
in appearance by the addition of a nevv wing. 



Fig. 3.—Ypres in 1914. 


The present aspect of Ypres and Dixmude is not perhaps quite so satisfactory, 
because the work is not so far advanced and because the builders have not yet 
been able to remove all traces of the wreckage. The results already obtained 
constitute, nevertheless, a notable achievement. Of 3.780 houses destroyed 
in Ypres, 1,240 had already been rebuilt in October, 1924, and 1,250 more were 
in course of reconstruction, of which a great number must be completed by now. 
Twenty-eight public arid historic buildings have been or are being restored. 
Among them we must include the Gothic churches of St. Peter and St. James, 
ihe Gothic Templars’ House (which serves as Post-Office), the Ch^tellenie, the 



Fig. 4 .—Ypres in 1918. 



Fig. 5.—Ypres to-day. 

two Renaissance houses known as the H6tel de Gand, and the Hospice Belle^ 
founded in the 13th century, which contained some valuable art treasures. 
The Boucherie (formerly a sniall museum) will be finished during the summer,, 
and it is hoped that the great Cathedral of Saint-Martin, now surrounded by 
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scaffolding, will be re-erected within three or four years. Practically all the 
restorations undertaken up to the present may be considered as entirely 
successful, owing to the scrupulous care which was taken only to depart from 
the original plan in very exceptional cases, and when the first building had been 
manifestly tampered with by former restorers. When we remember that, with 
the exception of one porch, the great Cathedral, over 300 feet in height and 
150 feet in breadth, was reduced to a heap of wreckage, we shall realise that 
its reconstruction will test the art of the restorer and his knowledge of Gothic 
architecture, for the choir of Saint-Martin was begun in the early 13th century, 
while the lofty tower was only finished two centuries later. As for the Cloth- 
Hall, it is calculated that its complete reconstruction would cost from 50 to 
60 million francs, and it is not likely that this will be undertaken for some time, 
if at all. The present ruins will no doubt be preserved carefully, and perhaps 
in later years one wing of the building will be rebuilt, if the need for a large hall 
of this kind arises. 

About half of the 930 houses destroyed in Dixmude have been re-erected. 
The work has been delayed, owing to the fact that the German engineers had 
transformed the town into a maze of concrete works which had to be appro¬ 
priated or destroyed. About 65,000 cubic feet of concrete had to be removed 
before the new town could be built. The restoration of the Gothic Church of 
Saint-Nicholas. undertaken by the church authorities, is almost completed; 
the Renaissance Hotel-de-Ville and the Gothic houses of the market place have 
also been restored; and it is expected that within a year the large market place, 
so characteristic of this small historical town, will resume its normal aspect. 

This survey would not be complete if we did not mention the excellent 
work accomplished in Louvain, where the 1,100 houses destroyed have been 
re-erected, and where the Grand' Place, including the Church of Saint Peter and 
the houses surrounding the well-known Town Hall, has gradually resumed its 
former aspect. 

The results achieved in the Liege, Namur and Luxembourg provinces, while 
highly satisfactory from a material point of view, have not always been so 
artistically successful. Whenever a historic building of some importance, such 
as the Gothic church of Dinant, and the fourteenth-century church of Spontin, 
has been restored, the same care has been displayed as in the northern provinces, 
but, owing mainly to lack of funds during the last stage of reconstniction, 
the State has not always been able to check the faulty taste of private owners. 
While in some cases the new buildings may be considered as an improvement, 
in other cases the pre-war aspect has suffered sonxe disfigurement. 

In attempting to draw general conclusions, we must not lose sight of the 
difficulties encountered by the authorities, owing to the failure of Germany to 
settle her reparations debt. As has been shown above, all plans had been laid 
down in order to prevent the rebuilding of any house which did not provide its 
inhabitants, however poor, with a minimum of comfort far above pre-war 
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conditions. It is only through lack of funds that the State has not been able, 
in all cases, to face the additional charge involved—that is to say, the 
difference between the pre-war and post-war value of the house. It is the same 
reason which has not always rendered possible the substitution of a more artis¬ 
tic and expensive design to plans based on purely economical considerations. 
The results obtained from competitions between architects, organised in 1919- 
1920 in the devastated areas, were highly satisfactory. The winners of these 
competitions provided a series of designs, and the stntsiris were asked to 
substitute them for their own plans whenever the latter were deemed unsatis- 
factbry, the difference in the cost being borne by the State. 

The success achieved in so short a time is due to the methods adopted and 
to the spirit in which the work was carried out. Its direction was entrusted to 
five High Commissioners residing in Ostend, Bruges, Ghent, Mons and Lifege, 
nominated by the King, and invested by him with exceptional powers until the 
completion of their task. These powers, which extended to all communes 
adopted imder the law of April, 1919, combined the authority of governors of 
provinces, county authorities and communal authorities, as far as measures 
dealing with reconstruction were concerned. This method united the advan¬ 
tages of administrative centralisation, insuring celerity, w’ith those of geogra¬ 
phical decentralisation, insuring the close contact of the responsible head and 
of his assistants with the inhabitants of the zones affected, and avoided all 
difficulties resulting from red-tape and conflicting authority. A special body, 
the Office des regions devastees, was created in Brussels, in order to ensure a 
prompt liaison between the five High-Commissioners and the Ministries con¬ 
cerned. 

There seems to be no doubt that all those engaged in the work of reconstruc¬ 
tion, from the Minister down to the last navvy, have been helped by their 
genuine desire to restore the land, to give back to the exiles their lost homes, and 
to efface, as far as humanly possible, the painful sight of the wreckage caused by 
war and enemy occupation. It is to this spirit more, perhaps, than to the 
sound methods adopted or to the skill of the architects, that Belgium owes her 
present position. It is no doubt owing to the same spirit that she has been able 
this year, for the first time, to balance her budget, in spite of reparations 
charges, owing to the heavy sacrifices made by the Belgian taxpayers. These 
sacrifices and this labour will not be in vain if the people obtain a sufficient 
guarantee of security to allow them to believe that the aggression which 
destroyed their towns and ruined their prosperity will never recur, and that the 
churches and town-halls so patiently rebuilt will not again be subjected to 
wanton destruction. 


DISCUSSION. 

His ExcxLLBiircY the Belgian Ambassador was sure every one had listened 
with as muoh interest as himself to the very interesting lecture M. Cammaerts 
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had given. He had shown in beautiful English what might be called the resurrection 
of Belgium—^its reconstruction. That reconstruction had gone so far that recently 
an English tourist came back rather disappointed, and said he had been there to 
see traces of the war and the devastation, but saw nothing but a desert of peace.. 
If i^lgium could return to the new state of prosperity, or apparent prosperity 
when the bill came to be paid the devastation would no more be there, but there 
was still a great deal of devastation in the exchange, and even more devastation in 
the pockets of the taxpayer. Nevertheless, the Belgians were doing their best, 
and he was sure that little by little they were coming back to what he might call 
the pre-war state. To reach that state it was necessary to have the assistance 
of the very able and distinguished statesmen and financiers who had assembled in 
conference in London last August, and who had succeeded in putting in action 
what was called the Dawes plan. Certainly miracles were not to be expected from 
that plan, but no doubt Belgium would get a very respectable amount out of it. 

As M. Cammaerts had said so truly, if Belgium were reconstructed that recon¬ 
struction must last. He had admired the people in Italy who were building houses 
with gardens on the dead lava, always liable to be overwhelmed by the eruption 
of liquid fire, and an analogy might be drawn with Belgium, who in future must 
avoid the lava of war with its consequences. For that purpose they must base their 
hopes on the very able statesmen to be found in England and amongst the Allies, 
who would discover, he was sure, some way of preventing war—not for ever, because 
he thought war was inherent in human nature—but at least, perhaps, for some 
centuries. It was to be expected that out of their work at the League of Nations, 
and also he hoped from the Treaties and Conventions which would be signed between 
the nations who were really in love with peace, peace would be abiding. 

Before concluding he wished to thank M. Cammaerts for his eloquent description 
of the reconstruction of Belgium, and he wanted also to thank Lord Burnham who 
had been kind enough to take the Chair. He knew how busy Lord Burnham 
was and how much was expected from him, but as he had already told his Lordship, 
he thought he had already solved the problem of ubiquity, because he found him 
everywhere where there was something good, kind, and noble to be done. 


The Chairman (Lord Burnham) said he was very grateful to the Ambassador 
for the kind way in which he had spoken of him. It was not as difficult as might 
be thought to be one of the busy-bodies of London life. In his touching and 
eloquent address M. Cammaerts had ended on a note of national tradition. Most 
of the evils of the world arose from a false tradition, and no country could attain 
a real nobility of character until it had a great tradition, founded upon national 
ideals which were derived from an historic past, and attached by inextinguishable 
hopes to the future that lay before it. Nobody had shown more conclusively than 
M. Cammaerts in his writings what the tradition of Belgium was worth, a tradition 
slowly and painfully formed through centuries of striiggle and even anguish, but 
which had withstood the test so marvellously well when the last trial was imposed 
upon it. He agreed with M. Cammaerts in thinking that, while paying a just 
tribute to the fortitude and heroism of tjie Belgian people during the occupation, 
not enough was said or thought of the magnificent endeavour and resolve of the 
Belgian people to be the first in Europe to attain a complete moral and material 
reconstruction after the war. Having seen it with his own eyes, he could say. 
Credo quia impossihilc. It was difficult for any one who had not seen it to call 
up the reality of thingps as they were, and.M. Cammaerts had to be thanked for 
having enabled the audience that evening to get some idea of the state of affairs. 
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He was over in Belgium in 1919 for the first time after the war, and it was wonderful 
then to see what had been done to bring back the cultivation of the landto something 
approaching its former productiveness. Since then he had been two or three times 
to most parts of the country, and he could say unhesitatingly that there was no 
place in the devastated regions, or even regions badly affected by the war, in which 
so great an effort had been made with so large a measure of success. What it 
meant to the Belgian people was best realised by one fact alone. He had to do with 
the consideration by the International Labour Conference of the League of Nations 
of what was called the 8-hours convention, limiting the trades of the world to an 
8-hour day. He believed it was adopted by the Belgian I’arliament, but it could 
not be enforced everywhere there because the people insisted upon working more 
than, 8 hours. M. Cammaerts had spoken of the new style being called the re¬ 
construction style. He rather quarrelled with the Ambassador because he 
anticipated him in giving it another name, when he said it ought to be called the 
resurrection style ! He would use that phrase just as the Ambassador had used it, 
and could assure him and M. Cammaerts that nothing was better calculated to 
give this country the right spirit in future, in face of the manifold difficulties and 
after so great a disaster as the war, than to pay regard to the manner in which 
Belgium was showing the will to restoration, moral and material, and was determined 
she would prove her right to that glorious independence which she won over the 
centuries, and which was recognised not to be a matter of treaties, but inalienable 
from the character of the nation. It was for all those reasons that they had been 
so glad that evening to have had an account of what had taken place from so 
accomplished a master as M. Cammaerts, and he might be allowed to join the 
Ambassador in expressing the warm thanks of all who were present for the lecture 
he had given. He was sure every one had profited ver}'- much from the hour spent 
in that beautiful hall. 


NOTES ON BOOKS. 


A History of Bleaching. By S. H. Higgins. London : Longmans, Green and 
Co. los. 6 d. net. 

We have here a somewhat detailed account of bleaching as applied to “ Man¬ 
chester Goods,*’ that is to say, mainly cotton with linen as secondary; but the 
very numerous and varied applications of bleaching, as of oils, fats, waxes, shellac, 
flour, .silk, and in that cliief or paramount aspect, the production of the present-day 
paper-pulp, are scarcely touched on. Thus it will be understood that the history 
is sectional rather than general, indeed, to judge by the preface, the book appears 
to have been written with the aim of interesting and instructing those engaged 
in the bleaching and dyeing aspects of the Manchester trades. 

Mr. Higgins gives us no index; hence many interesting details may be almost 
lost to a studious reader who wishes to turn back and compare. But perhaps 
the portion of the book which is least deserving of commendation is Chapter I,, 
Early Times, pp. i to 8. Here Pliny is mentioned, and our author gives us his 
English version of what Pliny says, but there is no reference to book and chapter 
of Pliny, or to page and line of a printed edition. Further, on page 8, Mr. Higgins 
gives us a group of sketches, evidently based on some of the paintings in colours 
found on a- pier of the fullonica at Pompeii, but since removed to the museum at 
Naples. Mr. logins, owing possibly to hasty sketching of the somewhat dis¬ 
integrated originals, makes the tunic which hangs over a pole and is being brushed 
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or carded, look as if it jvere a strip of printed Manchester goods. This seems to be a 
rather unsatisfactory rendering of the original picture. 

Any one wishing to sec other sketches from the paintings, together with particulars 
as to the colouring, and a detailed account of fulling as distinguished from bleaching, 
can refer to pp. 144-148 of the second volume of “ Pompeii,” published by Knight, 
Vol. I., 1831, and Vol. II., 1832. 

Stevkns' Klkments of Mercantii.e Law. Seventh Edition. By Herbert 
Jacobs, B.A. London : Butterworth & Co. 

This well-known work appears to be in great demand by students and others, 
for although a jeprint of the 6th edition only appeared in 1922, a fresh edition has 
oeeii already called for. 'I'his 7th edition has not only been brought up-to-date 
in the usual way, but the larger size of the book, which now allows suflicient 
space for side-notes, is a great improvement. The text has been divided into 
more frequent paragraphs and this, together with the heavier type used for 
headings and sub-headings, makes the new edition more convenient and attractive 
to students and others consulting it. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock :— 

April 29.— Andrew Balfour, C.B., C.M.G., M.D. (Edin.), B.Sc., 

n.P.H., F.R.C.P.E., ” The Trend of Modern Hygiene.” Sir George 

Newman, K.C.B., M.D., D.C.L., F.R.C.P., Chief Medical Officer, Ministry of Health, 
will preside. 

May 6.—Air Vice-Marshal Sir William Sefton Brancker, K.C.B., A.F.C., 
Director of Civil Aviation, Air Ministry, ” Commercial Aviation.” His Grace 
THE Duke of Sutherland, President of the Air League of the British Empire, will 
preside. 

May 13.—(Joint Meeting of the Koyal Society of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society.) Thomassln a Thuessink Van der 
Hoop, “ The Plight to the Netherlands East Indies.” ('I'lie paper will be read in 
English). Major-General Sir Frederick Sykes, G.B.E., K.C.B., C.M.G., M.P., 
will preside. 

May 20.— Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., ” William 
Sturgeon and the Centenary of the Electro-magnet.” Alan A. Campbell Swinton, 
F.R.S., late Chairman of the Council of the Society, will preside. 


Indian Section. 

Friday afternoons, at 4.30 o'clock. 

May 8.— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
” Indian Meteorology.” 

May 22.— Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.L., The 
Industrial Progress of the Mysore State.” 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., 
** The Heart of Asia and the Roof of the World.” 
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Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o'clock:— 

June 18.— Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for 
the Colon cs, East Africa." 


Howard Lectures. 

\ 

Monday evenings, at 8 o'clock:— 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, " Motor Fuels." April 27, May 4. 

SYLLABUS, 

Lecture II.— ^April 27TH. 

Physical properties of motor spirit, motor benzole and power alcohol in 
relation to performance. The fuel-air mixture. 

The combustion of motor fuels. Researches of Watson, and Fieldner and 
Jones. 

Lecture HI.— May 4TH. 

The combustion of motor fuels. Compression and efficiency. Pre-ignition 
and detonation. Researches of Ricardo and Midgley and Boyd. Anti¬ 
detonation efficiency of fuel components. Special " anti-detonaling " agents— 
" ethyl gas." Mixture fuels. Problems of production. Practical results. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Monday, .April 27. .GeographiVal Society, 135, Now Bond 
Street, W. 8,30 p.m. Mr. C. P. Skrine, “ The Alps 
of Kunfiur.” 

Architectural Association, 34, Bedford Square, W.C. 

8 p.m. Lecture by Mr. F. Bramley. 

Philolo^ic, Sciences et Beau:c>Arts, Socidtf Internationale 
de, 8, Taviton Street, W.C. 3.30 p.m. Prof, 
Lafou caide, “ Modem French Poetry.” 
araday Society, at the Chemical Society, Burlincton 
Hou^, Piccadilly, W. i. Mr. A. E. Ollard, 

*' Adhesion of Deposited Nickel to the Base Metal.” 
2. Mr. H. Sutton, “ The Brittleness of Zinc Plated 
Steel.” 3. Mr. W. A. Naish, ” The Partition of Silver 
between Lead and Zinc.” 4. Mr. H. J. Poole, ” The 
Elasticity of Gelatin Jellies and its Bearing on their 
Phv-sical Structure and Chemical Equilibria.” 3. Mr. 
E. K. Rideal, ” A Note on the Reduction Potential 
of Dicyanquinhvdrone.” 6. Mr. D. B. Macleod, 
(i.) ” On some Ph\sical Prorerties of Water.” (il.) 
” On the Relation between the Viscosities of Liquids 
and their Molecular W'eight.” 

- University of London, King's College, Strand, W.C. 
5.30 p.m. Prof. R. Chambers, “ Recent Advances in 
the Study of Living Cells.” (Lecture 1 .) (Lectures 
II. and III. on 28th and 29th April). 

London School of Economics and Political Science, 
Houghton Street, Aldwych, W.C. 5 p.m. Mr, P. J. 
N. Baker, ” The Reconstruction of Austria.” (Lecture 

I.) 

East India Association, Caxton Hall, Westminster, 
S.W. 3.30 p.m. Mr. F. H. Brown, ” Indian Students 
• h) Great BrltaiA.” 

Tue 8 Day, April 28. .AutomobUe Engineers, Institution 
of, «t the Royal Society of Arts, John Street, 
' Adelphi, W.C. 7 Pm. Mr. M. Platt, “The 
Accessibility of the Pleasure Car Chassis.” 
Pbotographie Society, 35, Russell Square, W.C. 7 p.m. 
'* Mr* C. Frfese<Greene, ” Latret Improvements in the 
Ftiese-Greene Colour Process for Kiaematographv,” 


Physiology, I^ndon College of, 8, Taviton Street, W.C. 
8.15 p.m. Dr. H. M. Leon, '* i^hysiology under the 
Arabs.” 

Royal Institution, Albemarle Street, W. 3.15 p.m. 
Prof. J. Barcroft, "The Effect of Climate on the 
Circulation.” (Lecture II.) 

University of Lnndfni, at the London School of Economics 

. and Political Science, Houghton Street, Aldwych, 
W.C. 5 p.m. Mr. J. F. Roes, ‘‘Some Aspects of 
British Foreign Trade in the Eighteenth ('entury." 
(Lecture I.) (Lecture II. on April 29th.) 

Wednesday, April 29. .University of London, King’s 
College, Strand, W.C. 5.30 p.m. Sir Kavilland de 
Sausmarez, ‘‘ The Extra Territorial Court.” 

Thursday, April 30. .British Architects, Royal Institute 
of, 9, Conduit Street, W. 5 p.m. Mr. J. D. Batten, 
•' Mural Painting.” 

Child Study Society, 90, Buckingham Palace Road, 
S.W. 3.30 p.m. Annual Meeting. 

6 p.m. Dr. C. W. Kimmins, " Progress of Child Study 
in America.” 

Brewing, Institute of, (Yorkshire Section), Queen’s 
Hotel, Le^s. Paper by Mr. F. M. Mayard. 

Royal Institution, Albemarle Street, W. 5.15 p.m. 
Mr. F. K. Ward, '* Plant Hunting on the' Roof of 
the World.” 

Friday, May i .. Philological Society, University College, 
Gower Street, W.C. 8 p.m. Anniversary Meeting. 

Philologic, Sciences et Beaux-Arts, Sociit/^ Internationale 
de, 8, Taviton Street, W.C. 8.15 p.m. Major 
Rigg, ” Charles Dickens and His Works.” 

Photographic Society, 35, Russell Square, W.C. 7 p.m. 

Royal Institution, Albemarle Street, W. 0 p.m. Sir 
William Bragg, "Crvstalliue Structure of Inorganic 
Salts.” 

University of London, King's College, Strand, W.C. 
5 p.m. Dr. A. W. Rogers, ” Physical Features of 
South Africa in relation to its Gwiogical Structure 
and History.” (Lecture I.) 

5.30 p.m. Prof. F. J. Cole, “The History of 
Protozoology.” (Lecture I.) 

Saturday, May 2..Royal Institution, Albemarle Street, 
W. 3 p.m. Mr. w. P. Pycraft, *'Use and Disuse— 
Efftet of Structure of Animals.” (Lecture IT.) 
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NOTICES. 


NEXT WEEK. 

Monday, May 4th, at 8 p.m. (Howard Lecture). Professor John Samuel 
Strafford Brame, F.C.S., late President of the Institution of 

Petroleum Technologists. Motor Fuels.** (Lecture HI.) 

Wednesday, May 6th, at 8 p.m. (Ordinary Meeting.) Air Vice-Marshal 
Sir William Sefton Brancker, K.C.B., A.F.C., Director of Civil Aviation, 
Air Ministry, Commercial Aviation.*' His Grace the Duke of Sutherland, 
President of the Air League of the British Empire, will preside. 

Friday, May 8th. at 4.3c p.m, (Indian Section). Sir Gilbert T. 
Walker, C.S.L, M.A., F.R.A.S., D.Sc., Ph.D., F.R.S., Indian Meteorology.** 
Sir Reginald A. Mant, K.C.I.E., S.S.I., will preside. Tea and coffee will 
he served in the Library from 3.45 p.m. 


EIGHTEENTH ORDINARY MEETING. 

Wednesday, April 22nd. 1925. Mr. Emery Walker, F.S.A., in the Chair. 

The following candidates were proposed for election as Fellows of the Society: 

Dickson, Raynes Waite Stanley, Melbourne, Australia. 

Dowling, Henry George, London. 

Harding, Pearcy S., Sutton, Surrey. 

Lieb, Dr. John William, New York City, U.S.A. 

Lightfoot, Vernon Robert, Widnes, Lancs. 

Manson-Bahr, Philip, D.S.O., M.D., F.R.C.P., London. 

Nordn, Herbert, Walvis Bay, South Africa. . 

Richards, Francis William, London. 

The following candidates were duly elected Fellows of the Society:— 

Dodd, Edgar, Compton, Wolverhampton. 

Nicholas, George Augustus, London. 
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Phillips, Stanley Tysoe, London. 

Satchell, Octavius, London. * 

Varley, Lieut.-Commander Cromwell H., R.N. (ret.), D.S.C., London. 

Ward, Melville Seth, F.R.I.B.A., London. 

A paper on "Bookbinding" was read by Mr. Cedric Chive^s, J.P., 
Mayor of Bath. 

The paper and discussion will be published in a subsequent number of 
the Journal, 

PROCEEDINGS OF THE SOCIETY. 


FIFTEENTH ORDINARY MEETING. 

Wednesday, March i8th, 1925. 

Mr. Dudley Johnston, President of the Royal Photographic Society, 

in the Chair. 

The Chairman said that though cinematography played a great part in the 
world to-day, it was as yet only in the experimental and embryonic stage. So far 
as the entertainment side of it was concerned, a considerable amount of work had 
been done and research carried out. but that was only a minor part of the work 
of which cinematography was capable. Its applications to the study of science, 
in particular, had hardly yet been exploited, though by means of the slow motion 
picture problems were already being studied which a year or two ago it would have 
been impossible to investigate. The artistic possibilities of cinematography, 
moreover, had as yet hardly been touched. 

Beautiful though the monochrome picture, obtained either by cinematography or 
still photography, undoubtedly was, it could be made yet more interesting and 
beautiful by the addition of colour. Colour was the lodestone which all photo¬ 
graphic workers were seeking at the present time. A direct colour process, the 
only perfect one, was not yet in sight, but many forms of additive colour had been 
invented and added greatly to the interest of the pictures in which they were 
applied. Additive colour processes depended for their effect on an illusion. 

The lecturer had invented a process which was amongst the most beautiful and 
the most promising of all, and had the additional advantage of being com¬ 
mercially possible. There were methods by which colour could be applied to cine¬ 
matography which were in some respects, perhaps, still more beautiful, but they 
were too complicated and therefore not commercially possible. 

Mr. Claude Friese-Greene was the worthy son of an illustrious father. Forty 
years ago Mr. Friese-Greene, senior, showed the first moving pictures seen in this 
country, and from that time onward he spent his life and fortune in the invention 
and development of the cinematograph picture. 

The paper read was :— 

THE FRIESE-GREENE PROCESS OF COLOUR CINEMATOGRAPHY. 
By Claude H. Friese-Greene. 

Twenty years ago I was attending a boarding-school. I ought to feel proud 
at the thought that I was only absent from school once during my terms, and 
that one time I mention because it was the first that I can remember definitely^ 
of the beginning of colour cinematography. The occasion was a request 
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by my father to photograph me by an invention of his that seemed to show 
promise from a colour point of view, and I can remember very distinctly 
being dressed in a little sailor costume and waving a union-jack from side 
to side. Strangely enough, in later years, this particular picture played a 
very important part in helping us to establish dates as to some of the first 
basic conceptions of colour cinematography. Many years have passed since 
then, and many minds have striven to find a solution that would make colour 
cinematography a commercial and practicable proposition. I, as a boy in 
my teens, even then gave a considerable amount of thought to it, and since 
the war I have been able to improve on the basic efforts of niy father. 

First of all, I think it may be helpful for us to consider for a moment the 
benefits to mankind that motion pictures in colour will give. 

Personally, my first thought is the fact that colour is closer to nature; 
it will help us to visualise scenes in their true perspective, and enable us to 
obtain and create atmosphere. Another great advantage of colour is from 
the educational point of view; in botany, for instance, the beauty of a 
flower is not only in its form but also in its colour. Therefore, I feel that 
the object we are striving for is one that is worth while ; one that will be a 
service to the world when we succeed in making colour films as general as 
black and white on the screens of all the nations. 

Now, granted that our object is worth the effort that many have devoted 
to it, I would just explain to you, briefly, methods that have been adopted and 
the method that I am adopting. Apart from the experiments of great scientists 
of the past—men who discovered the substance that was sensitive to light, the 
chemicals that made it possible to develop the latent image upon a sensitive 
surface; men who have striven to probe into the theory of colour and what 
it consists of; men who have discovered the sensitizing dyes that have made it 
possible to reproduce in monochrome the different gradations of colour waves, 
all a wonderful evolution that brings us to this present time,—there have been 
two main principles utilised to reproduce colours in motion pictures, one a 
subtractive method, the other what we term an additive method. In simple 
language, the subtractive method is one whereby the colour result is finally 
completed on each single picture. By the additive method the final colour 
result is obtained optically. I have experimented on both these principles, 
and although some beautiful results can be obtained by it, I am convinced that 
commercially, up to the present, the subtractive method is not practical, owing 
to the fact that colour dyes for dye-toning, etc., have not yet been brought 
to perfection ; and, mainly, that the film itself is a substance that is not 
consistent, because, owing to its shrinkage, it is impossible at any time 
to be certain that you can superimpose two or more pictures, on top of 
eaw:h other in dead register. Therefore, the films you are going to see this 
evening will be ones that are produced by an additive method. 
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Now what is the additive method ? Putting the whole theory into a very 
few words, I think it can be explained like this. 

We will imagine for a moment the spectrum, with which, no doubt, you 
are qtiite conversant, it being simply white light broken up. We have a 
negative, which is sensitive to colour. ' In the camera I utilise an attachment 
that intercepts the light rays between the lens and the film. This attachment 
consists ot colour filters, one picture being exposed through a filter which 
absorbs, for argument’s sake we will say, half the spectrum, and transmits 
the other half. The next picture transmits that which has been absorbed, 
and absorbs that which has been transmitted in the previous picture, so we 
really, roughly speaking, break the spectrum in half in the negative. It is 
apparent, then, that I am using only two colours, which, of coursq, have certain 
limitations. I have experimented with three colours and obtained successful 
results, but, unfortunately, it is not on a basis that would be commercially 
sound at present. The negative is developed and a positive print taken there¬ 
from by the usual method. Now, on this positive the picture which has 
been photographed through the filter which has transmitted, we will say, 
colours on the red side of the spectrum, is coloured wholly with a red absorption 
dye, and the next picture is coloured with a blue absorption dye, and alternately 
so on throughout the film. The positive is then projected by an ordinary 
projecting machine. The whole theory of ordinary black and white motion 
pictures is based upon persistence of vision, and for my colour work I also, 
apart from the fact of motion, utilise the principle of persistence of vision to 
give my colour effect. Therefore, what has really happened, in a very few 
words, is that in the negative the spectrum is broken in half, and in the positive 
the spectrum is, by persistence of vision, mended again. 

Now I hope you have, briefly, the principle under which the pictures you 
are now going to see are obtained, and after you have seen the pictures I wUl, 
with your permission, take you as far as I can in the shortest time possible, 
into the details and improvements that have been effected to make it possible 
for me to show what you are now going to see. 

I would like you to carry in your minds that the cost of the prints of these 
films is practically the same as that of black and white, as is also the time 
in turning them out. 

[Here a number of films were exhibited to illustrate the process.] 

Having now shown the pictures I Mull try to explain to you the process. 

I told you that on the camera I made use of an attachment which intercepts 
the light rays between the lens and the film. Now the constitution of that 
attachment is in form simply a rotating disc having two apertures, and travelling 
at half the speed of the ordinary cam^ shutter, so that each alternate picture 
is imprebed with the different light sensations necessary. This is effect^ 
by one aperture being filled with a light transmission filter which transmits 
ocilonre cm the red side of the spectrum. 
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Of course, many colour filters have been used before, and are still being 
used, but one has to consider the sensitivity of the panchromatic emulsion 
which, although brought up to a very high degree of perfection, is not perfection 
itself. One also has to consider the rapidity of exposure necessary for photo¬ 
graphing motion pictures, and bearing all these points in mind, I have ascer¬ 
tained that the best colour filter at present, which gives me the finest gradations 
and the maximum amount of exposure, is the combination of two colour dyes, 
one rose bengal and the other a fiavazine T. This gives me, also, if exposure 
is made fairly correct, a very good colour cut-out. Now in the other aperture 
I utilise strangely enough, and against all theory of colour, a combination 
of white light with a colour phase on the red side of the spectrum also. This 
is quite new and very few of the pictures you have seen to-night were taken 
by this method. I think one of them was the picture of Miss Flora Le Breton, 
the majority of them having been photographed under my old patent, consisting 
of white light and a blue-green phase. However, I am sure you will appreciate, 
the white light having passed all colours, and the blue having been absorbed 
in the red picture, the reason why I secure blue cut-outs on the blue-green 
picture. My reason for having resorted to the use of a colour on the red 
side of the spectrum in the blue picture is the endeavour to get a green cut¬ 
out on the blue-green picture; the taking filter is, in fact, a pale yellow, 
transmitting the greens in nature; green, as you know, being practically 
the centre of the spectrum. I dare say many of you can remember the 
tendency of all two-colour processes to reproduce green as brown. Strangely 
enough, the use of red and white not only benefits from this point of view, but 
also benefits in the projection of our films from the positive end. 

Now let us see what we have actually got up to the present. It is an attach¬ 
ment to the camera, being in form a disc with two apertures. One aperture 
is entirely filled with a colour filter passing light from the red side of the 
spectrum; the other aperture is partly filled in with some opaque material, 
leaving a small white opening in combination with a small portion of filter 
also passing light from the red side of the spectrum. When this attachment 
is fitted to the ordinary motion picture camera everything is ready to expose 
the negative. 

I thmk, while we are dealing with the negative, we might just touch on the 
best exposure and class of light to photograph in. I have found that, un¬ 
doubtedly, the best light to expose in is, if I may put it this way, a subdued 
bright light, which results in a very fine graded negative, the shadows on which 
are not too harsh. The lens aperture in such class of light is stopped down 
to about F.8. Of course, it is possible to photograph quite successfully in 
strong sunlight or less brilliant light; that, I think, is one of the advantages 
of the process. To photograph in artificial light it is only necessary slightly 
to adjust the balance between the respective apertures in the disc. 

We will assume that we have now taken a picture. The negative being 



556 JOURNAL OF THE ROYAL SOCIETY OF ARTS. May i . tm . 


panchromatic is developed in precisely the same way as black and white 
negatives, with the exception, of course, that it must be developed with a safe 
light, or, better still, in total darkness, which in practice we always do ourselves, 
having first taken a test and ascertained the time necessary. It is dried and 
a positive print taken off on the usiml standard printing machine. Instead 
of dyeing or staining the positive, we put it through a machine by which each 
alternate picture is stained. The picture which has been exposed entirely 
through the light filter, which we will call the red filter, is coloured approxi¬ 
mately an orange-red; the picture which has been photographed through 
th(i combination of white opening and red phase, which we will call the blue 
filter, is stained approximately a blue-green. The positive is then ready 
for projection and is projected by a standard projecting machine with the 
results that you have already seen. 

A brief outline as to why the different colours present themselves in their 
correct places is perhaps worth a few moments. 

Imagine that we have taken a negative of some red, white and blue stripes ; 
let us examine closely the results of just the red stripes first. On the 
picture photographed through the red filter the red stripes will have been 
transmitted, and, therefore, exposed, the density being quite opaque. On 
the next picture, having been photographed through the blue filter, the red 
stripes will not have photographed to such a degree of density, appearing 
practically transparent. A positive print is taken from the negative, which 
we then examine. The red stripes photographed through the red filter that 
appeared opaque will be reversed to transparent, and in the picture of the'red 
stripes photographed through the blue filter they will be opaque. 

After having stained the positive print with the orange-red and blue-green— 
being careful that the correct picture is stained the correct colour—^in the 
case of the red stripes the picture where they appear transparent will be stained 
orange-red and where they appear opaque blue-green, and so on, alternately 
throughout the length of the positive print. 

The finished positive film is then put on an ordinary projecting machine. 
We know that only one picture is actually screened at a time, so that when 
the projection light is passing through the picture of the red stripes that 
has been stained orange-red, and knowing that the red stripes are transparent 
in this picture, we shall get a reddish light thrown on the screen where the 
stripes should be red. The next picj:ure, stained blue-green, follows ; but in 
this picture the red stripes being opaque, the blue-green light cannot penetrate 
on to the screen, so that directly a certain speed is attained to enable persistence, 
of vision to do its work, we see the red stripes reproduced. In the case of 
the blue stripes it is just the reverse; in the positive, the picture stained 
blue-gmen, we shall have the blue stripes transparent, and in the picture stamed 
orange-red, the blue p^irt will be opaque. 

Residing the whit^ stripes, they should be of equal transparency in each 
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picture, and as you know, when complementary colours are displayed rapidly 
before the eye they reform back into white. 

To go a point further into this matter, it is well to try and visualise the 
faults of previous efforts by this principle. The first objection was, I think, 
the tiring of the eyes, owing to the fact of what we might term colour pulsation 
due to the great amount of vividness of colour. Then, secondly, the speed of 
running, and, thirdly, what we call colour fringing. Colour fringing was 
detected by watching closely quick movements. When apparent it caused 
a red and green edging round the particular object that was moving. 

Regarding colour pulsation, I have reduced that to, I think, a negligible 
quantity by continuous experiment and ascertaining the best combination 
of colour filters to use, my main object always being to try to obtain the 
maximum amount of colour with the minimum amount of colour cut-out. 
This has made it possible to get the more or less delicate colours which you 
have just seen. This point has also assisted the speed of nuining, owing to 
the fact that by the method I am now using it is so simple to obtain a perfect 
colour balance. 

Regarding the projecting speed, I have already mentioned one reason why 
this is assisted, and the other reason is purely owing to the fact that the 
colours I use in staining the film are colours the luminous values of which I 
have endeavoured to balance as nearly as is possible. An automatic machine 
is now in course of manufacture which will make it possible for me to create 
a balance of luminous values with more accuracy, and should make the 
staining always consistent. The speed of running in many scenes is from 
10 to 12 minutes per i,ooo feet; this speed is by no means unusual in the 
picture theatres of to-day, I2 minutes, as a matter of fact, being generally 
accepted now as normal speed of projection. I have, therefore, reduced the 
speed to well within the scope of all ordinary picture theatres. 

Regarding colour fringing, I have reduced that to a minimum by following 
one exposure after the other as quickly as possible, and I think you will agree 
from the pictures you have seen to-night, that, although fringing is probably 
there, it is not apparent to the eye. 

It is an interesting point to know that the manufacturing cost of positive 
prints by this process does not work out at more than per foot over and 
above the cost of black and white ; in fact, it is less than that. 

I am ho|nng that before long many films produced by this method will 
be on the screens. We have already started. 

I should like, before concluding, to touch for one moment on the influence 
of the Motion Pictures. 

There is no doubt that the invention of cinematography has brought an 
amusement to those people who, in time gone by, had no entertainment of 
this class within their means. Since cinematograidiy has devefoped it has 
made it possible for us to not only give that class of people entertainment, but, 
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if dedred, enlightenment as well> and the industry has grown so much that 
it is now the world's most popular mode of entertainment. I have just recently 
returned from America, and, as somebody put it to me, the general life of the 
American in his time of relaxation consists mainly of two things, automobiles 
and the “ Movies." I think that gj^jtleman was fairly r^rrect, from what 
I observed. 

The American public are very ke&a on motion pictures, and their interest 
is cultivated by the Press to a much greater degree than is the case in any 
other country, which is, no doubt, one of the reasons why Americans are so 
far ahead of anybody else. 

1 am sure you will all agree that the motion pictures undoubtedly reach the 
masses of the peoples the world over. That being so, there is no doubt that< 
the nation which dominates the screens can influence the jninds of the 
masses consciously or sub-consciously, for better or for worse. Surely 
then, it is incumbent upon us, the heart of the British Empire, at least to 
endeavour to produce good pictures for the benefit of our Empire, the greatest 
in the world. Let us depict the ideals that have in the past made us 
what we are to-day. Let us show our cousins in Australia, Canada, New 
2 fealand, Africa, and all our Colonies at the very least the Old Mother 
Country and the ideals that are best in us. 

Up to the present some of .our Colonies have never seen a film produced 
in this coimtry or by this country. Surely this is serious, because you can 
see just as well as I can the great influence the motion picture has. In the 
majority of cases, I do not think the' influence iias been harmful, but the 
danger is there, and we must look to it, and if the need ever comes, we, the 
British industry, must be in a position on the world's market to hold our own, 
so that we may counter any propaganda that may be against the good and 
peaceful working of the world, or against the interests of our Empire. 

I would not like this occasion to pass by without referring to the great 
work of my father, upon whose basic efforts I have already told you I have 
been able to improve. There is no doubt whatever that it was from his brain 
that cinematography, apart from colour, as we know it to-day has evolved, 
and now that we have realised the world-wide magnitude and importance 
of the motion picture industry, we c^, at least, feel proud that it was the 
invention of an .Englishman, who was a member of this great Society. 


DISCUSSION. 

The Chairman said he was sure everyone would appreciate the beauty of the 
results the author had obtained. The great test of colour from an artistic point 
ot view was the production, not of vivid hhes, but of the greys. The author's process 
appeared to have considerable possibilities in that respect, because in certain of the 
pictures—^particularly that showing tiie cygnets—^the greys were very beautiful. 
In some of the other pictures there might be a preponderance of bluish greens, but 
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on the whole, particularly in view of the fact that the effects were produced by two 
colours only, it was wonderful what had been achieved. 

Mr. W. E. L. Day said all Englishmen would be proud of the fact that the world 
owed its knowledge of commercial cinematography to this country. It was in this 
country that the whole of the basic principles were laid down. After the wonderful 
paper which Dr. Roget read before the Koyal Society, Mr. William Friese-Greene 
in 1889 solved the problem of commercial cinematography, and his patent was the 
first in the world, and had been upheld the world over as the master patent for 
cinematography. 

His colour research, as the author had stated, was certainly the first colour 
process to be patented for cinematography, and it was, therefore, hardly surprising 
that the son of so illustrious a father should provide the first commercially possible 
method of colour cinematography. The films which had been shown that evening 
afforded sufficient proof of the fact that a real commercial colour process was now 
possible. The fact that it could be produced at an extra cost of less than a farthing 
a foot over the ordinary black and white film spoke volumes for the future of picture 
production. The colour process would be of great value for showing mannequin 
displays, and the method was especially valuable, because it could be shown with an 
ordinary projector, and did not rec^uire an extra attachment. It could be used in 
conjunction with ordinary monochrome films. 

A Member of the Audie.nce asked whether the process involved the employ^ 
ment of a lens of very large aperture. 

Mr. Friese-Greene said it did not. The reason was that light transmission 
filters were used. The panchromatic emulsion used nowadays had improved a 
great deal. In a subdued bright light~a sky with one gathering of cloud, 
where there was a certain amount of shadow—and with the filters he used, the 
ordinary lens, which usually worked at f/3.5, could be shut down to f/8. 

Mr. Colin Bennett said he had worked with the late Mr. William Friese-Greene 
in 1912, and remembered some of that gentleman's earlier attempts, which were by 
no means helped by the fact that the technical Advisory Committee which over¬ 
looked them, consisted of a wholesale clothier, a well-known manufacturer of jam, 
and a cotton spinner. These gentlemen, finding they could not adopt the same 
business methods in regard to Mr. Friese-Greene's invention as were applied to the 
wholesale clothes trade, the jam trade and so on, decided that it could not be 
worked commercially. He hoped and believed a similar view might not obtain 
to-day. 

He had been struck by the honesty of Mr. Claude Friese-Greene's ^atements. 
Just as Mr. Claude Friese-Greene's father had invented commercial cinemato¬ 
graphy, so the son had invented the practice of making strictly honest and 
accurate claims in colour cinematography. He did not exaggerate what his 
method would do, nor did he claim to be using three colours when he was only 
using two, yet. his results were appreciably better than those arrived at by other 
commercial methods of colour cinematography. There was a process which gave 
better results than the author's under certain conditions, but it required a 
special projector and had other disadvantages, and was uncommercial. 

Mr. F. R. Newens said Mr. Friese-Greene’s pictures were a great deal better than 
any others he had seen which could be produced commercially. He had recently 
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seen the American colour film. The Wanderer of the Wasteland/* but the colours 
there were nothing like so rich as the author's, and there was no attempt to get 
the range of colour the author had obtained. He congratulated Mr. Friese-Greene 
on his results. 

Mr. B. V. Storr said he had been surprised at the results obtained. Some of 
the colours were not so true as the author himself would like to see them, but 
one could not expect to get perfection with a two-colour process; even when 
the inventor stated that he had not reached perfection one could hope that 
still better results would be obtained later on. He wondered how far th^ result 
could be improved by an improvement in the quality of the panchromatic emul¬ 
sion, making it still more sensitive to green. 

There was one point on which he was not quite clear. After describing his 
present method, where he dispensed with the use of the blue-green filter, Mr. 
Friese-Greene entered into an explanation of the action of the filters, still using 
the term “ blue-green filter/' although the exposure was not made through a filter 
of this colour. 

Mr. Friese-Greene said he described in the beginning of his paper that the 
second exposure was a combination of white light and a colour on the red side of 
the spectrum. He had mentioned that he prop)osed to refer to that in future as 
the blue picture for the sake of simplicity. In effect it was the blue picture, although 
the combination was white and red. 

A Member of the Audience said he had been struck by the stereoscopic effect 
obtained in some of the pictures, and would like to know whether it was accidental 
or deliberate, and whether it had any relation to the fact that the alternate picture 
through the red filter must have a pronounced mis-cut effect, while the picture 
through the blue-green filter would have the opposite .effect. 

Mr. Friese-Greene said he always tried to obtain a stereoscopic effect if pos¬ 
sible when taking pictures. He thought that referred to was caused by the fact 
that the photograph showed an object close to the camera which was moving slightly 
against a background of duller hue which was slightly out of focus. 

The Chairman proposed a very hearty vote of thanks to the author for his lucid 
and interesting description of his process, and for the beautiful colour pictures he 
had shown. 

The vote of thanks was carried unanimously. 
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Cambridge : University Press. 1924. 
Fairgrieve, J. Sc Ernest Young. The 
Growth of Greater Britain. London : 
George Philip Sc Son, Ltd. 1924. 
Field, Samuel, A.R.C.Sc., F.C.S,, and 
Samuel Robert Bonner. The 
Chemical Coloring of Metals. 
London: Chapman Sc Hall, Ltd. 

1925. 

Franck, Hariy»' A. Glimpses of Japan 
and Formosa. London: T. Fisher 
Unwin, Ltd. 1924. 
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NOTES ON BOOKS. 


Commercial Relations Between India and England, 1601 to 1757. By 
Bal Krishna. London : George Routledge and Sons, Ltd. 145. net. 

In this volume of 370-l-XXII pages. Dr. Bal Krishna, who is not only Professor 
of Economics, but also Principal of the Rajaram College, Kolhapur, gives us a 
masterly study of the greatest commercial event known in history, a study 
which will certainly add to the reputation of our author as economist, as his¬ 
torian and a skilled book-maker. 
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By the term skilled book-maker, we intend to include not only the power of 
Writing concisely, accurately and pleasantly, much as Goldsmith wrote, but also 
the very various powers which conduce to the making of a thoroughly useful book, 
such as, a sense of balance or proportion in selecting records and matter of the 
right sort from their original sources, compiling useful bibliographies, indexing, 
cross-referencing, and annotating. , 

Linschoten's map of Asia (1508), which forms the frontispiece, assists materially 
in understanding the first chapter and its bearings on the outlook. The Indian 
population, naturally abundant by reason of warm climate and good cultivation, 
has been subject to severe privation during rainless years with consequent famine ; 
then jMrhole families would come forward and offer themselves as slaves, in order 
to obtain subsistence. Hence, probably, the remarkable aspect of voluntary 
slavery (p. 41), a condition of which the Portuguese traders of the later Tudor 
period availed themselves to the utmost. 

Details of this traffic as recorded by Linschoten or others have interest not only 
frpm the standpoint of the work under notice, but also from other points of view ; 
and it seems that even cultured ladies from all parts of India were sold in the 
slave market of Goa, the Portuguese Settlement within the Bombay Presidency. 

On p. 53 we read of the beginnings of the first Dutch and English combined 
trading scheme, but owing to the widespread influence of the Portuguese Java 
was made a headquarters. 

This first joint-stock venture appears to have been financed in 1600, and its 
first decade of active work (t6oi-i6ii) showed quite remarkable profit by legitimate 
trading, with distinct signs of weakening the subversive influence of the Portuguese 
while at the end of the second decade (1621) we find an account of a detailed report 
presented to Parliament by the now established Company, the substance of which 
is that legitimate trading having many indirect advantages for both nations also 
showed the ratio of money to goods sent out as only n little under two to one, pp. 
56, 57 and 58, 

In giving us his study of commerce between India and England, with its brilliant 
successes and occasional periods of no profit or reverse, Dr. Bal Krishna has em¬ 
phasised those historical incidents which seem to cast light on the great social questions 
of the day, thus presenting us with a work of real value to every student of political 
economy and of interest to every general reader. 


MEETINGS OP THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o'clock :— 

May 6.—^Air Vice-Marshal Sir William Seftqn Brancker, K.C.B., A.F.C., 
Director of Civil Aviation, Air Ministry, *' Commercial Aviation." His Grace 
the Duke of Sutherland, President of the Air League of the British Empire, will 
preside. 

May 13.—(Joint Meeting of the Royal Society of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society.) Thomassen a Thuessink Van der 
Hoop, ** The Flight to the Netherlands East Indies." (The paper wiU be read in 
£^liah). ^jor-GeneralSir Frederick Sykes, G.B.E., K.C.B., C.M.G., M.P., 
will pre^ei 
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May 20.—Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., “ Williain 
Sturgeon and the Centenary of the Electro-magnet.” Alan A. Campbell Swinton. 
F.R.S., late Chairman of the Council of the Society, will preside. 


Indian Section. 

Friday afternoons, at 4.30 o’clock. 

May 8.— Sir Gilbert T. Walker, C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., 
Indian Meteorology.” Sir Reginald Arthur Mant, K.C.I.E., C.S.I., will preside. 
May 22.— Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.E., ” The 
Industrial Progress of the Mysore State.’* 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., 
” The Heart of Asia and the Roof of the World.” 


Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o’clock :— 

June 18.— Hon. W. G. A. Ormsby Gore, M.P., Under Secretary of State for 
the Colon es, ” East Africa.” 


Howard Lecture. 

Monday evening, at 8 o’clock:— 

Professor John Samuel Strafford Brame, F.I.C., F.C.S., late President 
of the Institution of Petroleum Technologists, ” Motor Fuels.” 

SYLLABUS. 

Leciure III.—May 4 TH. 

« The combustion of motor fuels. Compression and efficiency. Pre-ignition 
and detonation. Researches of Ricardo and Midgley and Boyd. Anti¬ 
detonation efficiency of fuel components. Special ” anti-detonating ” agents— 
“ ethyl gas.” Mixture fuels. Problems of production. Practical results. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Mon DA V, May 4.. Royal Institution, Albemarle Street, 
W. 5 p.m. General Meeting. 

Farmers* Chib, at the Surveyors' Institution, 12. Great 
George Street, S.W. 4 p.m. Madame Agiesti, 
“The Intematioiial Institute of Agriculture as an 
Aid to Farmers." 


Surveyors' Institution la. Great George Street, S.W. 
8 p.m. Major H. Barnes, “ New Methods of House 
Construction." 


Chemical Industry, Society of, at the Chemical Society, 
Burlington House, Piccadilly, W. 8.13 mm. Mr.J.K. 
Haokfoid, “ Gas Pioductioa ftom Iravy Oils by 
Pttrtial Combustidh.” 


Victoria Institute, Central Buildings, Westminster, S.W. 
4.30 p.m. Paper by Prof. B. Naville, of Geneva. 


Eoaiiim Society of, atWie Geological Society, 
Buittagton Houses Piccadilly, W. j.30 pjn. Mr. 
R. C. Sj Walters. “Water iWer Exmbito at the 
British topite Exhibition, Wemt^ X934.” 
Tiani^ Institute of, at the Institution of Electrical 
Bnmneert, Savoy Place, Victoria Embankment, 

5.30 p.m. Mr. F. Aytoo, “Electrically 
Propelled VeUcles for Road Transport." 


University of Londm, University College, Gower Street, 
W.C. 5.30 p.m. Prof. A. V.' Hfll, “ Biochemistry." 
(Lecture I.) 

At King's College, Strand, W.C. 5.15 p.m. Mr. E. 
Bevan, “ Greek Views of the Beginning and End of 
the World.” 

5.30 p.m. Prof. R. Dyboski, “The New Poland." 

5.30 p.m. Rev. Canon Burnett H. Streeter, 
“ Mmilive Church Or^.” (Lecture I.) 

At the London School of Economics and Political 
Science, Houghton Street, Aldwych, W.C. 3 pjn. 
Mr. P. J. N. Baker, “The Reconstruction of 
Hungary.*^ 

3 p.m. Prof. A. Van Gennep, “ Some New Methods 
m the Study of Primitive Man." (Lecture I.). 
Lectures II. and HI. on May 7 and May 8. 


Tubsoav, May 5. .PetroleumTechnologists, Institution<< 
at the Royal Society OF Arts, John Street, Adelphi, 
W.C. s-30 p.m. Mr. F. G. Rappoport. "Somd 
Notes on Water Shut Off." 


Civil Engineers, Institution of, Great George Street, 
S.W. 6 p.m. (Jamee Forrest Lecture.) Capt 
H. R. Sankey, *^Heavy-OU Enginet: Some Out¬ 
standing Queatians Relating to Large Engines of the 
SdMgmtion Type." 


Royal Institution, Albcmsrie Street. W. 3.15 p.na 
Prof. J. BsrccofU ** Effects of CUmate on ^tho 
CircuUtion." (Lecture HI.) ** Wind." 
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Clulu 23, Sivfle Row. W. 8.30 p.in. Dr. N, S. 
**SQine Cihnhi in the BzvgtgUa and the 


Anthropoloskal Institute, 53. Upper Bedford Place. 
W£, 8.13 pjn. 

Photographic Society. 35. RuaseU Square, W.C. 7 P*n. 
Physioloty. London CoU^ of. 8, Taviton Street, W.C 
8.15 pJB. Mr. C. J. Tabor. *'The Evolution of 
Maniage." 

Univenity of London, at the Institute of Historical 
RcMaitb. Malet Street, W.C. 3.30 p.m. Dr. D. 
Subotiv* Serbian Tkaditional F<^ Poe^ in English 
Literature, from Sir Walter Scott to the Prnent 
Day." (Lecture II.) 

Wbonisday, May 6 .. Geological Society, Burlington 
House, Piccadilly, W. s-jo P-m. Mr. £. B. BaUey. 
"TheTertiary Igneous Geology of the Island of 
MulL" 

MetaM Institute of, at the Institution of Mechanical 
Engineers, SUwey's Gate. Westminster, S.W. 8 p.m. 
Prof. Dr. H. A. Lortfntz, ** The Motion of Electricity 
in Metals." 

Electrical Engineers, Institution of. Savoy Place, Victoria 
Embankment. W.C. 6 p.in. (Wireless Section.) 
Capt. H. J. Rou^ Messrs. T. L. Eckersley, K. 
TremeUen and F. C. Lunnon, " Report on 
Measurements Made on Signal Strength at Great 
Distances During 1922 and 1933 by an Expedition 
sent to Australia." 

Public Analysts. Society of, Burlington House, 
Piccadilly, W. 8 p.m. (i) Mr. J. King, "The 
Adulteration of Conserves, with Special Reference 
to Pectin and Agar-agar." (2) Messrs. J. S. Wilkox 
and H. T. Crandrid, " The Influence of Palm Kernel 
Meal on the Composition of Bacon Fat." (3) Messrs. 
C. H. Ridsdale and N. D. Ridsdale, " Points Arising 
from the Analytical Standardisation of British 
Chemical Standards." (4) Dr. B. S. Evans, (a) 
" A New Method for the Separation and Determination 
of Tin in Alloys," and (b)" A New Colorimetric Method 
for the Detomination of Cobalt in the Presence of 
Nickel." (3) Mr. W. B. Walker," The Detennination 
of Small Amounts of Iron by Colorimetric Methods." 
University of London, King's College, Strand, W.C. 

3.30 pjn. Mr. H. W. Steed, " The Qnintessenoe of 
the Eastern Question in its ration to Central Europe. 
(The Partition of Poland.)" 

At the London School of Economics, Houghton 
Street, Aldwych. W.C. 3 p.m. Prof. Sir Francis 
Du Pre " Indian Codification: Its Bferits 

and Demerits." 

Civil Engineers, Institution of, Great George Street. 
S.W. 6 pjn. (i) Joint Meeting with Engineering 
and other Institutions to consider the work of the 
Special Committee on Tabulating the Results of 
Itet-Engine TrtiJs. (3) Mr. J. Cainagtuui. "A 
Standard Code for Tabulating the Results of a Heavy 
Ofl Engine Trial." 

Thuriday. May 7..Royal Society. Burlington House, 
PiocadilJy, W. 4 pmi. 

Antiquaries, Society of, Burlington House, Piccadilly, 
W. 8.30 p.m. 

■Royal Institution, Albemarle Street, W. 3.13 p.m. 
Ptoi. H. J. Fleure, " Prehistoric Trade and Traders 
of the West Coast of Europe.” /Lecture 1 .) 

Chemical Society, Burlingtmi Houa^ Pkcsulilly, W. 

8 p.m. (1) Mr. £. H. Ingold, " The Tautomeri«n 
of Dyads. Part III. The Effect of the Triple 
Linking on the Reactivity of Neighbouring Attmis." 
(2) Messrs. J. O. Cutter, H. Bueg^ and T. M. 
Lowry. " The Rotatory Dispersive Power of Organic 
Compounds. Part AVI. Halogen-Derivatives of 
Canmhor." (3) Messrs. S. Sugd^ J. B. Read and 
H. Wilkii^ **TiM Paiachor and C h e mic a l Constitution4 
Parti. Pblar and Noo-Polar Valencies in unsaturated 
Cmapounds." M Meters. J. P. Griffiths and C. K« 
Ingold. ".The Tautomerism of Dyads. Part Iv. 
New Evidence of the Toutcmeric Mobmty of Oximes." 

SqeieW. BprUngton Hous& Piccadilly. W. 

3 pjs. (1) Hr. G. C. Robson.'Exhibition of the 
Ran Cephaippad Spinila." (2) Sir S. F. Harmer. 


"Specimens illustrating Old Age in Cetacea." (3) 
Dr. H. G. Cannon, " Spedmens Showing Ectodennal 
Origin of Muscles in the Crustacean Cheirocmfaalus." 
(4)Miu Andermo. "The Genetics of Ferns." (3) 
Mr. S. L. Moore." A Third Contribution to CheCompo* 
site Flora of Africa." 

Iron and Steel Institute, at the Inatitution of Civil 
Engineers, Great George Street, S.W. 10 a.m. 
Annual Meeting, (x) Presidential Address. (2) T. W. 
Hand. " Progress in British Rolling-mill Practice." 
(3) A. Hultgren. "'Flakes' or^air Cracks' in 
Cmromium Steel, with a Discussfon on 'Shattered 
Zones' and ' Transverse Fissures.* in Rails." 

2.30 pjn. (i) Messrs. T. H. Turner and J. D. Jevons, 

" Tire Detectton of Strain in BlUd Steeia." (2) Mr. 
J. D. Jevons, "Strain Detection in Mild Steel by 
Special Etching.” (3) Hours. L. Aitchison and 
L. W. J ohnson," The Effect of Grain upon the Fatigue 
Streu^ of Steels." (4) Messrs. A. G. Lobley and 
C. L. Betts. "The influence of Gases at High 
Temperatures upon Iron, with special reference to the 
Formatkm of Blowholes." 

Fison Memorial Lecture, at Guy's Hospital Medical# 
School, S.E. 5 p.m. Sir J. J. Thamson. "The 
Structure of Light." 

Mechanical Engineers, Institution of, (N.-Westera 
Branch), in the Engineers' Club, Alb^ Square, 
Manchester. 7 p.m. Fourth' Rep^ of the Steam 
Nozxles Research Committee. 

University of London, University Coll^, Gower Street, 
W.C. 3.30 p.m. Prof. P. Gcyl, " The Dutch in the 
Eut Indies." (Lecture II.) 

3.15 p.m. Prof. 1 . E. G. de Montmorency, " African 
Customary Law." (Return 1 .) 

At King's College. Strand, W.C. 3.30 p.m. Prof. 
A. Cabrera, " Prehistoric Palntinm in Spain." 

6.30 p.m. Dr. O. Vocadlo, " The Czechoslovak 
Republic To-day." (Lecture III.) 

Friday, May 8. .Iron and Steel Institute, at the Institution 
of Civil Engineers, Great George Street, S.W. 10 a.m. 
Annual Meeting continued. (1) Messrs. R. H. 
Greaves and J. A. Jones, "Temper-brittleness of 
Steel: Susceptibility to Temper-brittleness in Relation 
to Chemical Compoution." (2) Messrs. D. H. Ingall 
and H. Field, " ' Peeling' in White Heart Malleable." 
(3) Me8sr8.-R. L. Smith and G. E. Sandland. " Some 
Notes on the Use of a Diamond Pyramid for Hardness 
Testing." (4) Mr. J. H. Whiteley, " Observations on 
Martensite and Troostite." (3) Mr. B. D. Enlund, 

" On the Structure of Quenebra Carbon Steels." 
Royal Institution, Albemarle Street, W. 9 p.m. Dr. 
H. H. I^, “The Circulation of Blood in the 
Capillary Vessels." 

Mechanical Engineers, Institution of. Storey's Gate, 
Westminster, S.W. 6 p.m. Fourth Report of the 
Steam-Nozzles Research Committee. 

Photographic Society, 35. Russell Square, W.C. 7 p.m. 

Mr. A. C. Wire," Five Weeks in the High Alps." 
Engineers, Junior Institution of, 39. Victoria Street, 
S.W. 7.30 p.m. 

Astronomical Society. Burlington House, Piccadilly, 
W. 3 p.m. 

Malao^gical Society, at the Linnean Society, Burlington 
House, Piccadilly, W. 6 p.m. 

Aeronautical Engineers, Institution of, at the Engfoeers' 
Club, Coventry Street, W. 6.30 p.m. Capt^\ H. 
Sayers. "A Rdsunri of Achievements in Aviation 
during the Past Year." 

University of London. King's College Strand. W.C. 

3 p.m. Dr. A. W. Rogers. " The Physical Features 
of South Africa in Relation to its Geological Structure 
a^ History." (Lecture 11 .) 

3.30 p.m. Prof. F. J. Cole, " The History of Proto- 
zoology.” (Lecture II.) 

Central Asian Society, at the Royal United Service 
Institution, Whitehall, S.W. 3 pjn. Air Vice- 
Marshal Sir William Sefton Brancker, " Air Routes 
in Asia." 

Saturday, May 9..Ro^ Institution, Albemarle StreeL 
W. 3 p.m. Mr. G, L. Bickenteth. "Byron and 
Italian Utetature.” 
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NOTICES. 


NEXT WEEK. 

Wednesday, May 13th, at 8 p.m. (Joint Meeting of the Royal Society of 
Arts, the Royal Aeronautical Society, and the Anglo-Batavian Society.) 
Thomassen a Thuessink van uer Hoop, “ The Non-Stop Flight to the 
Netherlands East Indies.'* (The paper will be read in English.) Major- 
General Sir Frederick Sykes, G.B.E., K.C.B., C.M.G., M.P., will preside. 


COUNCIL. 

A meeting of the Council Was held on Monday, April 20th. Present:— 
Lord Askwith, K.C.B., K.C., D.C.L., in the Chair; Sir Charles H. Armstrong ; 
Captain Sir Acton Blake, ^K.C.M.G., K.C.V.O.; Sir Archibald Denny, Bt., 
LL.D.; Mr. P. M. Evans, M.A., LL.D.; Sir Herbert Jackson, K.B.E., F.R.S.; 
Major Sir Humphrey Leggett, D.S.O., R.E.; Sir Philip Magnus, Bt.; Sir 
George Sutton, Bt.; Mr. Alan A. Campbell Swinton, F.R.S.; Sir Frank Warner, 
K.B.E., and Sir Philip Watts, K.C.B., LL.D., F.R.S., with Mr. G. K. Menzies, 
M.A. (Secretary of the Society) and Mr. S. Digby, C.I.E. (Secretary of the 
Indian and Dominions and Colonies Sections). 

A resolution of sympathy with the Marchioness Curzon of Kedleston was 
passed on the death of Lord Curzon, a Vice-President of the Society. 

The number of entries for the April Examinations was reported—27,568, as 
compared with 27,273 in 1924, an increase of 295. 

Arrangements for the Trueman Wood Lecture in the session of i925-2(> were 
considered. 

The question of the award of the Albert Medal for 1925 was further considered. 

The conditions of the Folhergill Prize were settled (see below). 

Other formal business was transacted. 
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FOTHERGILL PRIZE. 

Under the Fothergill Trust the Council of the Royal Society of Arts offer 
a Prize of £100 for an essay on “ Fire Waste (Loss of Property by Fire) and its 
Effects on the Economics of National Life in Great Britain.*' 

Intending Competitors must send in their essays not later than July 31st, 
1926, to the Secretary, Royal Society of Arts. 

The essays must be typed or clearly written. They may be sent in under 
the author's name, or under a motto, accompanied by a sealed envelope enclos¬ 
ing the name, as preferred. 

The Judges will be appointed by the Council. 

' The Council reserve the right of withholding the Prize or of awarding a smaller 
Prize or Prizes, if in the opinion of the Judges no suitable essay is submitted. 

The Council also reserve an option on the copyright of the su^pcessful essay. 

G. K. Menzies, 

Secretary. 


NINETEENTH ORDINARY MEETING. 

Wednesday, April 29th, 1925. Sir George Newman, K.C.B., M.D., 
D.C.L., F.R.C.P*., Chief Medical Officer,.Ministry of Health, in the Chair. 

The following candidates were proposed for election as Fellows of the Society : 
Fry, Ambrose, Liverpool. 

Horstsniann, E. H., Bath. 

Jain, B. Trilok Chand, Meerut, India. 

Lewis, Walter Basil, Liverpool. 

Robertson, R., Beckenham, Kent. 

Stock, Peter, J.P., Southport, Lancs. 

Wallis-Whiddett, Frederic George, Ix)ndon. 

The following candidates were duly elected Fellows of the Society:— 
Friese-Greene, Claude Harrison, London. 

Logan. Alexander, Calcutta, India. 

Lumsden, George James, Freuchie, Fife. 

A paper on The Trend of Modem Hygiene " was read by Dr. Andrew 
Balfour, C.B., C.M.G., M.D., (Edin.). 

The paper and discussion will be published in a subsequent number of the 
Journal. 


PROCEEDINGS OF THE SOCIETY. 

SEVENTEENTH ORDINARY MEETING. 

Wednesday, April ist, 1925. 

Mr. Byron Brenan, C.M.G., in the Chair. 

The Chairman, in introducing the lecturer, said the country about which the 
audien<^ were going to hear something that evening was one which did not 
frequently come up in conversation or appear in the public Press, and he dared say 
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that many of those present would have to take down their atlases in order to be 
quite sure where it was. Certainly, the Quarterly Index of The 'Times did not 
give it very much space. However, that was not altogether a misfortune, because 
if there was any truth in the saying that ** Happy is the country without a history” 
the region which was not always on people’s tongues was certainly very fortunate. 
There was, for example, in the valley of the Ruhr, a great deal more loose gun¬ 
powder dotted about than there was in the peaceful valley of Menam ; and the 
Isthmus of Kra sounded rather more peaceful than the Danzig corridor, where 
little rival States were always quarrelling as to who should have the management 
of the pillar boxes in the street. In spite of what he had just said, however, it must 
not be imagined that Siam was entirely a somnolent country and always in a 
state of torpor, as he thought the audience would agree after they had heard the 
lecture of Mr. Nunn, who had lived for a great many years in that country in an 
official position, and who was, therefore, very well qualified to speak on the subject! 

The paper read was :— 

SIAM: ITS PROGRESS AND POSSIBILITIES, 

By W. Nunn, 

late Adviser to the Siamese Government on Customs and li^xcise. 

Siam is a country of 200,148 square miles in area—about the size of Spain. 
Its greatest length is 1,020 miles and its greatest breadth 480 miles. It is 
bordered on the north by the British Shan States and the French Lao States ; 
on the south by the Gulf of Siam and the Federated Malay States; on the 
west by Burma and the Indian Ocean; and on the east by Indo-China. It 
is mountainous in the north, west, and south-west—a backbone of high land, 
with peaks rising to 7,000 and 8,000 feet, running from north to south on the 
western side. The south-eastern part of the country has some peaks of 5,000 
to 6,000 feet. The great central district, through which runs the Menam 
Chao Phya—the one great river of Siam—^is a huge alluvial plain, extending 
southward as far as the sea. (The word "Menam," which is usually given in 
the atlases as the name of the river, means merely "river.") 

This great central plain, together with smaller plains, hill-enclosed in the 
mountainous North and in the peninsular regions, is the rice-producing country. 
The bulk of the rest of the country is jungle (forest) land, particularly in the 
north and all along the western border. 

The population amounts to 9,513,000, of whom 800,000 are foreigners. The 
white races number 1,822. 

The historical records of Siam are meagre until we come to comparatively 
recent times; but it is generally accepted that the Thai (Siamese) people 
originated in China, whence they were driven south to find acceptable asylum 
in the country now known as Siam or Muang Thai. The Thai tongue is still 
recognisable in the language of the people of Yunnan and Canton, and extends 
widely over Indo-China. Siamese historical records of the early days of their 
nation are inextricably involved with mythological stories, whiph, although 
extremely interesting to persons of poetic fmey, have little value as historical 
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data. It is known that their power extended widely over the Indo-Chinese 
area, that it embraced Burma as far south as Tavoy, and that their influence 
was felt right down the Malay Peninsula and even to Java. Chinese records 
show that as late as the fourteenth century China claimed to exercise a 
suzerainty—apparently purely nominal as far as domestic affairs were con¬ 
cerned—over Siam; and Siam rendered tribute. There are very early records 
of Chino-Siamese trade, and of an extensive transit traffic between China and 
the Indian Ocean—Ceylon and the Persian Gulf—across what is now known 
as the Isthmus of Kra. 

In the early sixteenth century came the first of the European adventurers 
td Siam. There are many interesting figures which emerge from the obscurity 
of that veiled period. The great Portuguese adventurer d'Albuquerque 
touched the lower portion of the Peninsula and sent his emissaries to Siam's 
capital. Davis, of Arctic fame, met his death in 1605 at the hands of Japanese 
pirates off the shores of the country. Ralph Fitch penetrated into upper Siam 
from Pegu, making his way through the great jungles on the borders—a wild 
forested region upon which the airmen Ross Smith and his brother looked down 
with dread when, on their famous flight from England to Australia, they lost 
their way. I remember Ross Smith telling me that they had begun to think 
seriously of the possibility of having to tree themselves on the thickest 
possible clump. Will Adams, the first Englishman to live in Japan, is 
recorded to have made voyages from Japan to Siam. The great buccaneer. 
Captain Kidd, started on his career of crime when • he was commissioned 
to suppress piracy off the western coasts of Siam—the profits of piracy 
having tempted him from the less remunerative path of duty. 

Portuguese, Dutch and English were successively concerned in opening up 
the coimtry to knowledge of Western peoples and Western trade. The Portu¬ 
guese lost their hold very soon, and their connexion with Siam is now traceable 
mainly in the names and lineaments of their descendants. The Dutch main¬ 
tained their position for a considerable period, the English dropping out of 
competition for a time, but European commerce fell off until the early nineteenth 
century, when a new beginning was made of a traffic which has continued 
to grow in steadily increasing strength. 

The domestic history of Siam, up to the early years of the nineteenth century, 
is largely a record of warfare against the Burmese, in which sometimes the 
Burmese, and sometimes the Siamese, were victorious; and, as always happens 
in such circumstances, the government of the country languished, the crown 
was held precariously, and the conunon people lived in a condition of slavery. 
Foreign trade was a royal monopoly, and the corruption, ignorance, and gre^ 
of the officials were an active discouragement of foreign commercial intercourse. 

A new era dawned with the accession to the throne of King Mongkut, the 
priest king, grandfather of the present reigning monarch. His work of states- 
mandiip was' continued by his son King Chulalongkom, whose death in igio 
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was deeply and genuinely mourned throughout the country, and whose memory 
is still kept green by an annual ceremony in which the people take part spon¬ 
taneously. Oriental ceremonies are frequently lacking in solemnity and 
impressiveness, but I do not remember any ceremony which so fully and so 
genuinely betokened a nation's grief as the cremation of King Chulalongkom. 
The people felt that they had indeed lost the father of their country—^the one 
man who, in changing times, could keep a strong hand upon personalities and 
influences which were already beginning to show undesirable symptoms. 

The present King, King Rama VI (formerly known as King Vajiravudh), 
has had advantages of acquiring knowledge of Western ideas which were not 
available to his father and grandfather. He was educated at Oxford and 
Sandhurst, and for some time held a commission in the Durham Light Infantry. 
And he made good use of his opportunities. He is a well-read man in every 
sense of that term; he has a real literary gift, and his knowledge of the various 
forms of art—and particularly that of the stage—is much more than that of 
the ordinary amateur. Since his advent to the throne the country's abandon¬ 
ment of the old Oriental methods of governmental administration has been 
quickened up very considerably. But more remarkable has been the change 
in the people themselves—^in their ideas and their habits. That all of these 
changes are not entirely for good is not to be wondered at. Adolescence is 
an awkward period, and is often unlovely in some respects. On the whole 
Siam is going through the period well. There are no serious political troubles, 
and what is more to the point, there is no body of opinion with sufficient weight 
and strength to cause such troubles. Such public criticism of the administra- 
ion as one hears is usually of a very schoolboyish nature, and it is contrary to 
the character of the Siamese that they should take political agitation seriously. 
Siam is the most peaceful comer of the world. During the War hardly a 
ripple of a backwash of the great turmoil reached its shores. 

The King of Siam is an absolute monarch. That does not mean that he is 
a tyrant. His word is final, but I doubt if any land is so free as Siam. One 
lives there year after year and almost forgets that there is a government—^although, 
being human, one does not forget to grumble now and then. Think what it 
means never to have to fiU up an Income Tax schedule; never to have to 
struggle with municipal rate assessors, never to be pestered by collectors 
of this or that! Even the Department with which I was concerned—the 
Customs and Excise—^performed its functions so delicately and tactfully that 
its victims hardly knew how and when their money was extracted from their 
pockets. The taxation amounts to about seventeen shillings per head of the 
population. 

The revenue is raised by land taxes, the sale of Government opium. Customs 
and Excise, Transit and Inland Tax duties, a light capitation tax, and certain 
fees. Opium is a Government monopoly. The drug is very strictly controlled, 
and the Government is carrying out a reasonable and steady policy of restriction. 
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The administration is conducted through ministers of state—Foreign Affairs^ 
Finance, Interior, Commerce, Justice, Agriculture, Ways and Communications, 
and Education. These ministers are directly responsible to the King and 
must obtain the Royal sanction to ever3^hing which is not of a purely routine 
nature. There is a great council of ministers, which approximates to a cabinet, 
but in practice each minister deals with his own afiairs—^subject to the King's 
approval—and the council meets only to consider matters of abnormal 
importance. 

The Government employs a number of foreign officials, some as advisers to 
the ministries and departments, and some as subordinate officers, to deal with 
w6rk for which special qualifications are necessary; but the number of such 
officials is being steadily reduced, and trained Siamese are taking their places^ 
The foreign officials come from many nationalities. There are British, French, 
Italian, Danish, American, and Belgians among them. The British predominate. 

The European living in an oriental country is very apt to assume an atlitudie 
of superiority, and to take it for granted that the Government is incompetent, 
that things are done which ought not to be done, that things are left undone 
which ought to be done, and that there is no health in it. But it is necessary 
to preserve one's sense of proportion in these matters, and to consider not only 
the present conditions but the state of affairs which existed within living 
memory. Also it is not inadvisable to remind oneself that not all govern¬ 
mental incompetence is centred in the Orient, and that corruption and nepotism 
are not found exclusively in countries like Siam. BroadJy speaking, Siam 
fifty years ago was a land of primitive conditions. To-day, it is a pleasant 
land with a well ordered system of government, with reasonably organised 
public offices, with a capital well built and having a fine road system, with an 
efficiently maintained railway system and road communications spreading 
steadily throughout the country, and with a people actively desirous of assimi¬ 
lating foreign ideas. In some resp>ects, indeed, one sometimes wonders whether 
less rapid progression would not be better for the people. 

Financial affairs are, on the whole, under reasonable control, and although 
in recent years the work of the ministry has been somewhat difficult, the position 
of the country financially is sound. The public debt amounts to 3^9,909,860. 
(My figures are for the year 1922-23.) The revenue in the same period was 
£y,6()0,ooo and the expenditure £7,903,000. These are about double the figures 
of twenty years back. A deficit in the national budget has been a very unusual 
occurrence. 

In the administration of justice, great strides have been made in the last 
two decades. With the aid of a number of European advisers, and by sending 
students abroad, a bench and bar are being built up which are establishing 
sotmd traditions. The Press and public opinion are playing their part in keeping 
thfe young administration dean-handed, and there is every reason to hope that 
it will mature creditably. The laws are being coded, a work which, chiefly in 
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the hands of French lawyers, has not been pushed on with feverish haste, and 
which one might reasonably wish should be completed soon. Within a short 
period it is certain that extra-territorial jurisdiction will be no more. Great 
Britain abandoned it in the year 1909, Denmark followed within a few years, 
and the other foreign powers are following their example. Certain necessary 
safeguards have been and will be retained, but even without these there is no 
reason to fear that Siam will fail to strive to attain the ideal of justice at which 
it aims. 

The advance in education has been noteworthy. A primary course is com¬ 
pulsory for boys and girls from the age of seven to fourteen. Boys who do 
not intend to pr<^ceed to a higher course are required to take an additional 
vocational course of two years. A secondary course is provided, the leaving 
standard being equivalent to the matriculation examination of a good university. 
There is a university in Bangkok, and two schools which are run more or less 
on the lines of British public schools. There is a similar school in the North. 
There arc also various special schools, such as the Military, Naval, and Gendar¬ 
merie Colleges, the Law School, and the Posts and Telegraphs School. 

The schools are based mainly on the British system, and English elementary 
and secondary masters are employed to assist the Siamese teachers, who have 
been mostly trained in England. 

For many years it has been the practice to send scholars abroad, mostly to 
England, for further training at the expense of the Government, and it is quite 
usual for the higher class Siamese to send their boys, and frequently their 
girls, when quite young to schools in Europe. While the schools in Siam are 
good up to a point, and secondary education often reaches quite a remarkably 
high standard of efficiency, much remains to be done in the way of education. 
There is a tendency to copy the less desirable features of the elementary school 
system of England, and to ignore the real business of encouraging mental 
development. And too much importance should not be attached to the 
statement that Bangkok possesses a University. It is only in its infancy and it 
will be many years before it can be a University in anything more than name. 

Excellent educational work is done by the French Roman Catholic missions, 
whose connexion with Siam dates from 1662; the American missionaries 
maintain some good schools. 

Ways and Communications play a great part in modem Siaun. Postal, 
telegraph, and telephone services are general, use being made of the Military 
Air Service for carrying mails to places otherwise difficult of access. But the 
railways are the most noteworthy addition to the evidence of progressive 
development. There are 2,379 kilometres of line open to traffic. Communica¬ 
tion between Bangkok and the Northern Capital, Chiengmai, and southward 
between Bangkok and Penang is now possible by excellent day and night 
services; and there is under construction a bridge over the river at Bangkok 
which will within two years make it possible to run through trains from Penang 
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to Chiengmai. The bulk of the foreign engineers employed in the railway 
service are British. A British engineer was in charge of the construction of 
the southern line, while a German staff had the work of the northern Une in 
hand until 1917, when the entry of Siam into the War relieved them of their 
responsibilities. Both the Rail and Road Communications Services are in 
change of a brother of the King, Prince Kambeng Bejra, who was at one time 
an officer in the British Royal Engineers. 

Public health services have been given considerable attention of late years 
and have made good progress, in spite of a tendency—^not so clearly observable 
in other directions—to attempt to achieve success on paper rather than in the 
fiild of practical service. 

The Siamese people are essentially happy-natured. They are not deep# 
they are not generally subtle, though they may be on occasion artful. They 
are kindly and hospitable and very seldom other than courteous. Even in 
the lower orders of society one rarely finds uncouthness of deportment. 
Occasionally an official who is overwhelmed by the majesty of his office may 
try to be overbearing, but I believe that is observable in other countries too. 
They are proud, and disposed to think that Siam is the hub of the universe. 
Younger Siam may sometimes be arrogant and impatient; perhaps we should 
be the same if a large number of foreigners who came to our land showed a 
firm belief in their inborn superiority, simply because they are foreigners, 
combined with an equally strong desire to placate us for business reasons. 
But I think that the most striking trait of the Siamese of to-day is his calm 
acceptance of the conditions of modem civilisation. I do not mean merely 
that he is a ready student and assimilates Western knowledge and acquires 
Western ideas and manners easily. I knowno Orientals who become, forinstance, 
so thoroughly English in manner and deportment as the young Siamese who 
go through our public schools and imiversities—I mean that the Siamese seems 
to have no sense of amazement, no feeling of awed respect, aroused by the 
achievements of modem science. He has fallen heir to a ready-made civilisa¬ 
tion, and he accepts it as simply as a child accepts the home to which he is bom. 

The Siamese is emphatically not a worker. He will drive a car or a train ; 
he will serve as a train conductor, or a telephone linesman; but he will not 
undertake the ordinary forms of manual labour, except on his rice fields or under 
the compulsion of military discipline. He cultivates the whole of the rice of 
Siam, but the labour entailed is seasonal and not constant. Moreover, rice 
cultivation is a family affair. Practically all the rest of the manual labour of 
the country is done by Chinese. Carpenters, fitters, shoemakers, builders, 
painters, labourers, printers, mechanics—^all are Chinese. An exception must 
be made in the case of the Northern Siamese, who are a sturdier type. The 
one discordant note in the otherwise perfectly harmonious ceremoxii^ of the 
late King Chulalongkom's cremation was the introduction of some fifty Chinese 
coolies to remove a staging. 
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Trading, wholesale and retail, is also dependent upon foreign enterprise 
and industry—^mainly Chinese. Rice milling and rice buying are Chinese 
the piece-go^ market is in the hands of Chinese and Indians; and shipping 
is European or Chinese, but preponderatingly British. The teak concessions are 
held by Danish and British companies; the fishing industry is in the hands 
of Chinese. In no branch of commerce does the Siamese make headway— 
nor indeed does he make much effort to do so. 

Generally speaking, the Siamese is bom to clerical service; the Government 
offices are the goal of all Siamese students. 

The Siamese soldier undergoes a rigorous training, and with proper equip¬ 
ment and staffing would probably give a good account of himself. Since 
conscription was introduced, in the present reign, the improvement in the 
physical condition of Siamese manhood has been most marked. As airmen 
they are expert and fearless, and the air force is a very earnestly directed and 
capably manned force. 

As sailors the Siamese show little ability, although it must be admitted 
that when the Government took over some of the interned German ships during 
the War, Siamese officers and men navigated them between Bangkok and 
Hong Kong and Singapore with only one serious mishap. The ships did not 
run to schedule, however, and the undertaking proved far from profitable. 

Siam is one of the strongholds of Buddhism, and although the modern ten¬ 
dency to be indifferent to religious matters is as observable in Siam as elsewhere, 
the people generally give as much attention to the practice of their faith as does 
the average resident in Christian countries in applying to his daily life the 
principles of his belief. With a large mass of ignorant peasantry it is inevitable 
that a great amoimt of superstition and belief in spirits and magic should be 
mixed up with religion, but I do not think the position is any worse in that 
respect to-day in Siam than it was in Europe one hundred years ago, shall we 
say ? It must not be forgotten that modem Siam is very youthful, and if we 
find evidence of widespread belief in spirits amongst the common people it 
is not necessarily because they are an Oriental people, but because they have not 
had the opportunity of acquiring the knowledge that has freed us from the grip- 
of superstition and made us so dear-minded, logical, and sane in dealing wiA* 
matters whidi cannot be accounted for by the natural and scientific processes- 
known to us. Doubtless, as the peasantry of Siam xome more dosely into- 
touch with Western knowledge, there will be a new fidd opened up for the 
activities of the palmist, the crystal-gazer, the spiritualistic medium, and the 
advertising psycho-anal3^t. As it is, the Siamese attitude towards matters 
spiritual-^their conception of their duty to God> their fellow-men, and themsdves 
is simple. It is not complicated by the strife of sects, by the competition of 
conflicting faiths, by int^ectual arrogance, nor by undisciplined enthusiasm. 
It is an attitude of unconcerned belief, quietly held and, if practised at ail, 
quietly practised. If one of its most noticeable results is the congr^ting. 
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together of large bodies of idle priests, who toil not, neither do they spin, 
that result is not resented commonly by the people, nor does any form of 
priestly tyranny spring from it. The most striking characteristic of the religious 
life of Siam is its wonderful tolerance. Christian missionaries are as free to 
work in the country as if they were in a Christian land, and their educational 
and medical work is encouraged officially. It is interesting to note, as bearing 
upon this matter of religious toleration, that the weekly day of rest which is 
observed in the capital, in all Government offices, is the Christian sabbath, 
decreed to be an official holiday by King Chulalongkom in the year 1899. 
It p to be hoped that nothing will ever happen in Siam to rob it of its being 
one country, at least, where the expression of religious belief does not disturb 
the peace and goodwill of men. 

The climate of Siam has borne a bad reputation for many years—a reputation 
quite undeserved. I believe that early sailor visitors were responsible for that 
reputation, as they have so often been for other incorrect ideas about foreign 
parts. The sailor-man of the old days arrived at a port thirsty. He set a 
straight course for the nearest bar and a devious one back again, and that 
constituted the sum total of his knowledge of the place. The climate is much 
maligned. It is hot, of course. The temperature of Bangkok averages 87 
degrees and during the S.W. monsoon there is much moisture and relaxing 
heat. And there are flying beasts in their season; and mosquitoes. But there is 
the glorious sunshine, the cool sweet air of the early mornings—almost always ; 
the cool season—sometimes—when for several days the mid-day temperature 
may be down to 74 degrees or 76 degrees, and the night temperature in the bitter 
sixties. There is the ever fresh greenness of the trees, the lovely colouring of the 
young padi, the fine sky effects, the dry breeze of the hot season, the glorious 
feeling of freedom from the tyranny of clothes and heating apparatus, the always 
living in the open air; and always the sun, the friend if you do not fear him. 

In the northern hill-land are the teak forests from which Siam derives one of its 
important products; but the timber from the other forest lands is very little 
worked, and many parts, especially along the Western border, are primeval 
jungle. 

Some considerable quantity of redwood is worked in the Southern forests, as 
well as Pradu (Pterocarpus Spp.), Yom Horn (Cedrala Toona), Phayoong (Dal- 
bergia Latifolia), (Dipterocarpus Spp.), Tabec (Lagerstroemia Tomentosa 
and Lag. Calyculata). 

In the peninsular country are found tin, wolfram, lead, and a certain amount 
of coal. Gold has also been found, although not in sufficient quantity to make 
its working a commercial possibility. From the same region come coconuts, 
rubber, wood-oil and damar. 

The south-eastern district produces sapphires and small quantities of rubies; 
while gamboge, sticklac, gum benjamin, hides, horns, bones, and cardamoms 
are the produce of the country generally. 
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To the newcomer to the East there is a touch of romance about some of 
the exports of a country like Siam. Eagle-wood, sandal-wood and spices turn 
one's imagination back to the days of the merchant adventurers ; and Customs 
statistics recall the enthralling pages of Hakluyt. The tiger-bone and rhino- 
cefos-hom exports, eagerly sought by the Chinese for medicinal purposes, are 
hardly less interesting than a consignment of dried monkey paws, destined for 
the same end. One commodity to be found in the export list has an interest 
of more practical value ; it is the Krabau seed (Hydnocarpus anthelmincticus, 
Pierre), from which is extracted a remedy for leprosy which is giving most 
satisfactory results. 

The total trade of Siam amounts to a value of £30,100,000, of which £13,600,000 
represent the import trade, and £16,500,000 the export. The articles of 
import, in their order of importance, are textile goods, foodstuffs, metal manu¬ 
factures, gunny bags, kerosine oil, tobacco, cigars and cigarettes, and machinery. 
The greatest volume of import trade is with Hong Kong. It would not be safe 
to set this to the credit of British trade, as a very great amount is transit traffic, 
and represents the activities of Japanese merchants. Next in order of value 
comes the United Kingdom, followed—at a considerable distance—by 
Singapore, China, India, Japan, the United States, Germany, Belgium, France 
and Holland. 

Of the export trade, rice accounts for £13,000,000 ; tin for £1,700,000 ; and 
teak for £560,000. The places of consignment in their order of importance are : 
Hong Kong, leading with four-fifths of the total; Singapore with almost one- 
third ; Netherlands India, a long way below; followed closely by China, 
the West Indies and Japan. The share of the United Kingdom, as revealed 
by statistics of commercial exchanges, amounts to only one-eightieth of the total. 

Siam has made steady progress commercially. In the past twenty years 
it has more than doubled the volume of its trade. What does the future hold 
in store ? Nothing of the nature of a boom, certainly, but, one believes, a 
continuance of the same steady progression. Much depends upon the Govern¬ 
ment. If influences adverse to good government are kept in check, if the 
administration continues to aim at improvement, and no obstructive forces 
are allowed to impede the freedom of commerce; and particularly, if im¬ 
patience to achieve a sudden prosperity is restrained, there should be no fear 
that the position of the country will be steadily improved. It is in agriculture 
that the chief development may be expected to be made. Rice is now the 
chief crop and will continue to be, but coconuts, oil palms, oil nuts, kapok, 
jute and other fibre-producing plants are capable of great expansion. 

The tin-bearing lands are by no means exhausted; thousands of square 
miles of densely timbered jungle remain untouched; and the fisheries have not 
yet been handled by modem methods. 

For all these possible developments capital is required. That capital is not 
to be found in the country and must be introduced from outside. A great 
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advance in the means of communication must also be made before many of 
Aese enterprises can become profitable; and most important of oil, and 
particularly as far as the possibility of the extension of agricultural enterprise 
is concerned, some way must be discovered by which more plentiful, and 
cheaj[)er, labour can be obtained. 

Having opened up the country to commerce, having taken its stand as a 
•commercial nation, Siam cannot afford to remain dependent upon the foreigner 
for commercial enterprise and skill, and for labour. Her hope for the future 
lies largely in the development of a commercial class, in inducing her young 
men to acquire practical knowledge of commercial methods and in the abandon¬ 
ment of her attitude of aloofness from commercial affairs. Mere stock-holding 
and indulgence in the excitement of share dealing will not establish her position 
in a world of business. Her yoimg men must take their coats off and set to 
work under conditions more exacting than are found in Government offices, 
and learn in the hard school of experience how business is conducted. 


DISCUSSION. 

The Chairman (Mr. Byron Brenan), in opening the discussion, said he thought 
that, after having heard the lecture and after having seen the admirable collection 
of views which the lecturer had exhibited, those present would all have come to 
the conclusion that Siam was a country which had a good many attractions, and 
that it was worthy of rather more study and notice than it had received hitherto 
by the Western hemisphere. It was pleasant to read of a people who were always 
cheerful, hospitable and polite and ready to be friendly. The stranger who 
went to Siam was sure to be met more than ’ half-way in his intercourse 
with the friendly native, provided he was not too self-complacent and patronising 
as was rather too often the fault in the case of Western people going to Oriental 
countries. Having said so much on the credit side, one had to admit that there 
was a little to be said on the other side. It was to be gathered from the paper, 
and also from other sources of information, that the people of Siam were too much 
given to taking life easily and were averse from tackling any kind of a job which 
implied exertion. Thus it was that they quietly allowed alien intruders to come into 
their country and to take all the benefits and rewards of efforts which should really 
go to the sons of the soil. Except in the cultivation of the rice fields, which were 
the mainstay of the country, one had to look in all directions to find any kind of 
industry where the alien was not more than a match for the native on his own 
ground. The Siamese certainly cultivated their rice, but the rice mills were owned 
and managed by Chinese. The sugar mills were worked by Chinese, and the 
smaller industries like carpentering, ironwork, small shopkeeping, tailoring, and so 
on, were all run by Chinese. In Bangkok itself, with its large population, one-third 
of the inhabitants were Chinese. It was not the same as it was in other countries, 
notably the United States, and to a certain extent in England too, where the 
immigrant of to-day became the patriotic citizen of to-morrow; the Chinese who 
went to Siam went there, not on account of the salubrious climate, and not even 
to esca^income tax, but to t^ke the living out of the mouths of those who belonged 
to the country. They did not remain there, but, after making enough to satisfy 
their .ambitions', they returned to the land of their fathers. At the beginning the 
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Chinese encountered a great many difficulties. They were strangers in the country, 
only partly welcome, and there was the great difficulty of the language. Siamese 
was a particularly difficult language, being built upon the roots of languages which 
had existed centuries ago, but which had now disappeared. As showing the 
difficulty of it, he might mention that it had 44 consonants and 32 vowels. It was 
only about 50 years ago that Siam made a serious effort to emerge from her backward 
civilisation, with its curious customs, cruelties and superstitions, and it had been 
owing to her last three kings that she had succeeded in qualifying herself to be 
put alongside civilised Western countries. The lecturer had shown how in Bangkok 
there was the framework of a Government edifice which was really the counterpart 
of what might be found in civilised European countries. Siam, therefore, was now 
extremely well-equipped to proceed on the road to success. In the earlier days 
of her history sh'* had met with all the troubles and setbacks inseparable from 
racial quarrels and attacks from States on her borders, but that time had passed 
away. Those small States which had given trouble had been brought into sub¬ 
jection by Great Britain on the west and north-west and by the French on the 
east and north-east, so that Siam was now comfortably blanketed by the positions 
of those two great Powers. Not very long ago there had been a good deal of 
jealousy between England and France over the destiny of Siam, but that trouble 
ha<i now been composed and an agreement had been signed guaranteeing the 
sovereignty and independence of Siam. Therefore, that country had nothing to 
interfere with her progress to continued prosperity. 

Mr. S. H. Hj^ndrick said he had very little to say except to confirm all that the 
lecturer hjui said with regard to the treatment which strangers received in Siam. He 
had been resident there for about 25 years, and he had been extremely sorry to 
leave the country. He had been very glad' to notice the emphasis which Mr. 
Nunn had laid on the importance of the cultivation of rice in Siam. Rice formed 
about go to 95 per cent, of the exports of the country. There was a market right 
at her doors for practically the whole of the crop, as 85 to 90 per cent, of it went to 
China, the Straits and Java. If there was one thing which the Siamese did know 
it was how to grow rice, and of late years the Government of Siam had shown 
a very enlightened policy indeed in encouraging and extending irrigation. He 
believed there were several large schemes in contemplation which would be brought 
to fruition during the next few years. The Sianiese did not need to go any further 
than rice in order to extend the trade of their country. Since he had b^n there 
the export of rice had increased from 700,000 tons to 1,300,000 tons, and there was 
ample land on which to grow twice the quantity, if only there was the population 
available. Unfortunately, Siamese rice had lost much of the good repute it once 
had, owing to any^ing having been shipped during the War. The seed had 
been very much mixed and not enough care had been taken in selecting it, with 
the result that the quality had suffered during the past ten years. Efforts were 
now being made to rectify that and to get Siamese rice back to its fom^er good 
repute. If he might give a word of advice, it would be the following: all the Siamese 
Government had to do in order to increase the trade of their country was to con¬ 
centrate on the irrigation schemes and on improving the quality and the milling 
of the rice exported from their country. 

Mr. R. k-ABABRBLTON Said he knew a great deal about South Africa and the 
Chinese population there, and he would like to ask the lecturer how it came about 
that the Chinese seemed to be doing so very well in Siam. In South Africa they 
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did very badly, from various causes, which most people knew, and the authorities 
had to get rid of them. He would also like to say that it seemed to him that 
the Siamese climate was responsible for making very good speakers. All the 
speakers that evening—^the Chairman, the lecturer and the last speaker—had 
spoken excellently. 

Mr. Nunn, in reply to Mr. k-Ababrelton, . said the position of the Chinese in 
Siam was rather different from the position of the Chinese in South Africa. The 
South African Chinese were purely of the coolie class, who had been taken out 
there under a system of indentures, whereas the Chinese entered Siam of their 
own free will; they were not brought into the country, but they came in quite 
voljUntarily, and they did to a certain extent stay there. If they themselves did 
not stay there their children certainly did, and in the children of the Chinese 
immigrants lay one of the great hopes of Siam, because those children retained a* 
very great deal of the Chinese energy combined with a great deal of the liner qualities 
of the Siamese, and also something of the Siamese quickness of intelligence. The 
Chinese in Siam certainly did settle down as most excellent citizens, and tlieir 
children also. He thought the reason why they went there was simply bcciiuse 
there was work for them to do. There had been a long standing connexion between 
Siam and China, extending over many centuries. Centuries ago the Siamese 
shipping had been run by Chinese. 

Mr. R. a-ABABRELTON : Then the Chinese really rule the countrj^ ? 

The Lecturer said they hardly did that, but they had caiTicd the foreign 
commerce of the country centuries ago. The early foreign commerce of the country 
had been Chinese and Japemese. The records of commerce between China and Siam 
went back possibly to B.C. He thought- the fact that China was so close to Siam 
possibly enabled the Chinese to feel more at home’in Siam. There was also a 
great likeness between the climate of Siam and that of certain portions of Southern 
China. The conditions were the same; they were received well, and they found 
an opportunity for work. His experience of the Chinese was that wherever there 
was a chance of doing work and making profit out of it, there they would stop. 

With regard to Mr. Hendrick's remarks, of course, Mr. Hendrick was an authority 
upon the subject of rice and there was no doubt that what he had said should be of 
very great value to the Siamese, although it was not new to them. They had been 
told it already. He believed that they had been told it by Mr. Hendrick while 
he was in Siam. There was no question that if the Siamese did put their backs 
into the matter of irrigating their land and producing more rice, and if they developed 
a commercial class, they would have an opportunity of building up a commerce 
which was not an entirely foreign commerce. At the present moment it was 
entirely foreign, and he wanted to see Siam take some part in it herself instead of 
devoting herself merely to the government of the country. She did the work of 
government with remarkable skill and ability, and there was no reason why, if her 
young men really took an interest in commerce—not merely a theoretical, but a 
practical interest—she should not develop on the practical side of commerce. 

Before sitting down, he desired to make a few remarks with regard to the 
possibilities of Siam as a tourist centre. Now that the railway was so conveniently 
connected with Penang, it w^ a very simple matter for people who were making a 
trip round the world and going through Hong Kong to drop off at Penang and to 
go up to Siam—a matter of 33 hours—and to see something of an extremely 
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interesting country. It would pay tourists to do that and to see something really 
of the East and its romance, rather than to go down to such an extraordinarily 
uninteresting and highly developed and civilised place as Singapore. 

With regard to business, he would like to say that he felt that the British people 
had.to keep their eyes open for the future of their trade interests in Siam. Perhaps 
he was wrong, but he did feel that the younger generation of business men in Siam 
were not keeping up the reputation and the position of British firms. He did feel 
they were not quite the thorough and conscientious men of business that their 
forerunners were. They knew how to get frpm their bungalows to the sports club 
and from there to the British Club and back again to their bungalows. That 
was rather exaggerated, of course, but he felt that that just about summarised 
their knowledge of the country. They were very good fellows to meet, and they 
played a most excellent game of cricket, tennis or golf, but they were hardly the 
type of persons in whose hands the business interests of this country were going to 
be entirely safe. That was not so with regard to certain other European races, and 
he felt that if this country’s business interests in Siam were going to be kept up, 
our business young men would have to take more interest in their work and get out 
of their present somewhat happy-go-lucky methods which seemed to have got 
into them since the period of the War. There was a certain danger from American 
competition. A large number of young Siamese were now being sent to America 
for training and they came back wdth American ideas, and naturally, when they 
had anything to do later on with business affairs, their sympathies would be more 
American than British. American interests were gaining ground there. The 
American motor-car, for instance, very largely outnumbered the British, and there 
was no real reason why it should. In dredging machinery the Americans were 
beating us. Generally speaking, ho felt that the British commercial interests in 
Siam were not quite so bright as they were a few years ago. 

With regard to the country generally, the great danger which seemed to be facing 
Siam at the present moment was the tendency to indulge in extravagance, personal 
and public. It seemed to him that a greater restraint in expenditure, from the 
highest quarters downwards, was absolutely essential if the financial situation of 
Siam was to remain sound. 

A vote of thanks to the author terminated the meeting. 


NOTES ON BOOKS. 

Unemployment Relief in Great Britain. A Study in State Socialism. By 
Felix Morley. London : George Routledge and Sons, Ltd. 65. net. 

We have before us No. 77 of the well-known series of monographs issued by the 
London School of Economics (p. I), but this book is printed in the United Slates 
(p. IV), and it appears to be issued under the auspices of an American Educational 
Trust (p. VII) ; so the reader may find it desirable to consider carefully the 
introductory matter (pp. I-XVIII) in order to grasp the outlook of the author. 

Unemployment relief, as distinguished from relief under our Poor Laws, is the 
subject-matter of Mr. Morley’s book; he, however, centres largely on what is 
•often called State operated insurance," that is a condition generally comparable 
to insurances in the old or voluntary aspects, but with a State force behind it making 
non-contribution penal or quasi-criminal, and at the same time den3dng to the 
insured persons such legal remedies for failure, delay or default as are the common 
Tight of those who effect insurance by voluntary contract. 
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The author has collected facts, details and speculations having reference to 
recent British experiments, but there seems to be a tendency towards neglect 
of the older proposals for compulsory and universal insurance, like that brought 
before the Society of Arts by the Rev. W. L. Blackley, in a communication read 
at the meeting on July 14th, 1880, and appearing in the Journal of July 23rd, 1880, 
pp. 739-746. Among the writings in which the broad question of the relative 
desirability of compulsory and voluntary insurance are set out in contrast or 
balance, we may mention the comprehensive study by Mr. Miles M. Dawson, 
this study forming the article “ Insurance '* in the 1879 edition of the Bliss 
Encyclopaedia of Social Reform. 

Perhaps in ten years* time economists will be able to form an opinion as to the 
merits or demerits of the two systems for sectional or partial insurance now on 
trial in Great Britain, but in relation to the more recent of the two, one prospective 
difficulty appears to rest in satisfactorily defining industries, a matter ^hich 
Mr. Morley considers (p. 156). He suggests the desirability of retaining a Crown 
official as final arbiter in demarcation disputes. ^ 

Metallurgy: An Elementary Text Book. By E. I-. Rhead. l.oridon : 

Longmans, Green and Co. ys. 6 d, 

A new and revised edition of this first study in the Arts of Vulcan will be 
acceptable to the general reader who wishes to get fundamental notions in their 
latest aspects; for example, as regards electric furnaces there is a general classifica¬ 
tion, pp. 58-59, into induction furnaces in which the charge is a secondary conductor 
of an induction unit, and resistance furnaces in which the efiective heat is produced 
in the main circuit. Industrial electric furnaces are for the most part resistance 
furnaces; the charge itself, embedded rods, the actual body of the furnace, or a 
wirework plexus being the imperfect conductor in which the heat is produced, and 
we are told that wire made from an alloy oL nickel 4 and chromium i is safe up 
to a temperature of 1100® C. On p. 207 are notes as to the arc electric furnace, 
almost a type in itself, and on p. 24 are notes on electric welding devices. 

The cult of the new is, however, not overdone, as on p. 207 is a sectional drawing 
of a good pattern of the old laboratory wind furnace, still useful for making 
special alloys and in purifying gold by the chlorine process. 

Alloys are well studied in many aspects, and, as an example of good practical 
tabulation, we may refer to the conspectus as to brasses on p. 386. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at 8 o’clock :— 

May 13.—(Joint Meeting of the Royal Society of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society.) Thomassen a Thuessink Van der 
Hoop, “ The Flight to the Netherlands East Indies.** (The paper will be read in 
English). Major-General Sir Frederick Sykes, G.B.E., K.C.B., C.M.G., M.P., 
will preside. 

May 20.— Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., Williami 
Sturgeon and the Centenary of the Electro-magnet.** Alan A. Campbell Swinton,. 
F.R.S., late Chairman of the Council of the Society, will preside. 
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JOURNAL OF THE ROYAL SOCIETY OF ARTS. 583 


Indian Section. 

Friday afternoons, at 4.30 o’clock. 

May 22.— Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.E., " The 
Industrial Progress of the Mysore State.” Sir Thomas H. Holland, K.C.S.I., 
K.C.I.E., D.Sc., F.R.S., will preside. 

June 12.— Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., C.M.G., 
” The Heart of Asia and the Roof of the World.” 

Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o'clock :— 

June 18.—Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for 
the Colon es, ” East Africa.” 


MEETINGS OP OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Monday, May ii..Gooii:raphical Society, 235, New 
Bond Street, W. 8.30 p.m. Mr. H. St. J. B. Philby 
“ The Dead Sea to Agaba.'* 

Philologie, Sciences et Beaux Arts, Soci£t6 Internationale 
de, 8, Taviton Street, W.C. Dr. C. E. Ball, ** Lafcadio 
Hearn.'* 

Royal Institution, Albemarle Street, W. 5.15 pm. 
Prof. J. Barcroft, ** Effects of Climate on the Cir^a* 
tion.'* (Lecture IV.) 

Univenity of London, University College, Gower 
Street, W.C. 3 pjn. l*rof. G. D. Hicks, “ Hegel’s 
yGsthetics.” (Lecture I.) 

5*^ p.m. Prof. A. V. Hm and Prof. J. C. Drummond, 
“Bio-Chemistry.” (Lecture II.) 

At King’s College, Strand, W.C. 5.13 p.m. Prof. 
J. A. K. Thomson, “Agamemnon.” 

S '30 PJU. Dr. R. Dyboski, “ The New Poland.” 
(Lecture III.) 

At the Lonaon School -of Economics and Political 
Science, Houghton Street, Aldwych, W.C. 5 pm. 
Mr. P. J. N. Baker, ” The Greek Refugee Settlement 
Loan.” 

At the London Day Training College, Southampton 
Row, W.C. 3.30 p.iiL Dr. G. Dysra, ” The Evolu¬ 
tion of Instrumental Music.” (Lecture 1 .) 

At Gresham College, Basinghall Street, E.C. 6.13 
pm. Mr. A. Compton-Rickett, “Some Writers of 
Yesterday and To^ay.” (LMture 111 .) “ Henrik 
Ibsen.” 


Tubsoay, May is.. British Empire Shakespeare Society, 
at the Royal Society of Aets, John Street, Adelphi, 
W,C. 3 p.m. Mto £8m6 Beiinger, “ Lady Macbeth.” 

C ol o ni a l Institute, Hotel Victoria, Northumberland 
Avenue, W.C. 8.30 p.m. Air Vice-Marshal Sir 
Seftcm Brancker, “ Impoial Air Routes to India and 
Australia.” 


Photographic Society, 33, Russell Square, W.C. 7 p.m. 

Meeting of the Scientinc and Technical Group. 
Plmiology, Londm College of, 8, Taviton Street, W.C. 

8.13 pm. Dr. H. R. Foote, “ Rheumatism.” 

Ciyti Engineen, Institution cA, Great George Street, 
S.W. 6 pm. Annual General Meeting. 

Univenity of London, at King’s (^dlegeTstTand, W.C. 
5<30 pm. Rev. Canon B. H. Streeter, “ Pihnitive 
Churdi Order.” (Lecture II.)" 

At the Institute ox Historical Research, Malet Street, 
W.C. 3.30 pm. Dr. D. Subotic, “ Serbian Tradi¬ 
tional Folk Poetry in English literature, from Sir 
Walter Soott to the Present Day.” (Lecture HI.) 


WEXMfxaoAY. BIay »..Tnneport, Institute of, at the 
lutitutun of Blectzioal Engfaieen, Savoy Place, 
Vktoria Embankment 10 ajn. London 

Conpets. X. Colonel & jdm PringlcL “ Ministry 
of Tmnsport Requiicnun^ X 93 S*'* Comr. C. D. 
Burney, “ Airshqpe end Their Uses, both as Com- 
mercial Vessels and in Time of War.” 

Bi^ Acadsmy. st^K^a Colk«e, Strand. W.C. 

* ‘ ears Lecture by Mr. H. 

[enry V to Hamlet” 


S.15 pJn. Annual 
Gram 


nviHe-Barker, ” From 


Univenity of London, at King's College, Strand, W.C. 

5.30 pjn. Mr. H. W. Steed, “Central Europe, 
Roumania and the Near East.” (Lecture 11 .) “ The 
Struggle for Mastery in Central Europe (184B-1870).” 
At the London School of Economics and Politic 
Science, Houghton Street, Aldwych, W.C. 5 pm. 
Mr. R. A. Smith, “ The Metal Ages m Western Eurcm.” 
(Lecture I.) “ 'fhc Bronze Age (2000-300 B.C.) 

Thursday, May 74. .Royal Institution, Albemarle Street, 
W. 5.15 pm. Prof. H. J. Fleure, “ Prehistoric 
Trade and Traders of the West Coasts of Europe.” 
(Lecture II.) 

Transport, Institute of, at the Institution of Electrical 
Ennneers, Savoy Place, Victoria Embankment, 
W.C. 10 a.m. Congress continued, Mr. D. R. 
Lamb, “ The Co-ordinati(Hi of Rail and Road Trans¬ 
port.” 

Historical Society, 22, Russell Square, W.C. 5 pm. 
Miss M. H. Mills, “ Experiments in Exchequer 
Procedure, 1200-1232.” 

Royal Society, Burlington House, Piccadilly, W. 4.30 pm. 
Antiquaries, Society of, Burlington House, PiccamUy, 
W. 8,30 p.m. 

Mechanical Engineers, Institution of, (North-Western 
Branch), in the Engineers’ Club, Albert Square, 
Manchester. 7.13 p.m. Annual Meeting. Mr. S. J.A. 
Panton, “ Practical Locomotive Superheating.” 
University of London, University College, Gow'^r 
Street, W.C. 3.30 pm. Prot P. Geyl, “ 1 ^ Dutch 
in the East Indies.” (Lecture III.) 

3 >i 5 P>nL Prof. J. E. G. de Montmorency, “ African 
Customary Law.” (Lecture 11 .) 

At King’s College, Strand, W.C. 5.30 p.m. Prof. 
A. Cabrera, “ Prehistoric Painting in Spain.” 
(Lecture II.) 

6.30 p.m. Dr. O Vocadlo, “ The Czechoslovak 
Republic To-day.” (Lecture IV.) 

Friday, May 13..Royal Institution, Albemarle Street, 
W. 9 pm. Prof. C. G. Darwin, “ Recent Develop¬ 
ments in MagnetiaxL” 

Transport, Institute of, at the Institution of Electrical 
En^eers, Savoy Pla<^ Victoria Embankment, W.C., 
xo am. Congress ccmtinued. i. Mr. A. £. Brookes. 
'* Arterial Roads in Relation to Town Planning.’ 
2. Mr. H. J. Deane, “ Modem Dock Equipment.” 
Photographic Society, 33, Russell Square, W.C. 7 pm. 

Meeting of the Pictorial Group. 

Philological Society, University College Gower Street, 
W.C. 8 pm. Prof. E. Weekley, “ Some New 
Etymologies.” liki 

Univenity of London, at King’s College, Strand, W.C. 
3 pm. Dr. A. W. Rogers, “ Physical Featnies of 
South Africa in ration to its Geological Stmoture 
and Hiatory.” (Lecture 111 .) 


(Lecture 1.) 

Sbmntpeaie Association, 

W.C. 3.30 pm. Mrs. ( 

Records fllustxating the 1 
Saturday, May 16. .Royal Institntion, Albemaile Street 
W. 3 pm. Mr. G. L. Bickeisteth, “Byron and 
Italian Literature.” (Lecture II.) 
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The New Model A.J.S. Receiver. 


The New Model A.J.S. 
Receiver is extremely 
flexible ** and will 
function satisfactorily 
on any wave lengths 
from 150 metres to 
20,000 metres. The in¬ 
strument as shown oper¬ 
ates up to 550 metres, 
beyond that long wave 
coils aire necessary. 

G>nstant Aerial Tuning 
forms a salient feature 
of the New Model, and 

PANELS ONLY. 
Two-Valve Panel 
Three-Valve Panel 
Four-Valve Panel 


_ its power of assimilating 

weak signals enables it 
to be used on Frame 
Aerials and on small 
Indoor Aerials. 

While embodying all the 
latest phases in Wireless 
reccption.the A.J.S. New 
Model, like its proto¬ 
type, is Supremely Easy 
and Easily Supreme, and 
in every resect main¬ 
tains the A.J.S. tradition 
of **/Quality Rrst.** 

PRICES: 

COMPLETE SETS. 

£12 0 0 Two-Valve Set £17 10 (1 

£15 17 6 Three-Valve Set £22 5 0 

£20 5 6 Four-Valve Set £27 5 0 


The Unitop Cabinet Receiver The Loud Speaker 


Constructed to contain an A.J.S. Four-Valve Re- 
eaiver, the Unitop Cabinet combines the maximum 
of %vireleas efficiency with the minimum ol space. 
Produced in Mahogany or In Light or Dark Oak, 
as preferred, the Unitop Cabinet is of distinctly 
handsome appearance. 

It forms a com¬ 
pact and attrac¬ 
tive article of 
furniture when 
placed upon any 
convenient table, 
and is sufficiently 
portable to be 
carried on the 
seat of a car or 
boat, to any out¬ 
door function 
where it may 
be required for 
music or dancing. 
The materials 
and workman¬ 
ship employed in the production of these Cabinets 
are of the best throughout, and fully maintain the 


PRICE, in Mrhogany or Light or Dark Oak, with 
all accessories ready for use, 

30 Guineas: 

Without accessories, £24 10 0 


Designed to embody in the one Model the most 
effective combination of components, each perfect 
in itself, this instrument is the outcome of lengthy 
research and experimeni, and justly claims to be 
the last word in Loud Speaker design. 

The accurate proportions 
and smoothly blending 
curves of its non-resonant 
horn give it those correct 
acoustic properties which 
ensure the true reproduc- 
the waves, 

while its extreme sensitive- 
ness enables the utmost 
volume of sound to be 
produced, with a complete 
absence of distortion. 

Its robust construction, 

artistic matt hnish, simpli- .V 

city of adiustment, true- B 

ness of reproduction and 

purity of tone render 

equajly suitable for use in a ^BH^P 

Public Hall or in the home of the most futidious. 

The A.J.S, Loud Speaker does not require a step- 

down transformer, as it is specially wound to a 

correct impedance for music and speech. 

PRICE 

With Metal horn and electro-plated fittingsB150 
Wi(h Mahogany or Oak horn and electro* 

plated fittings .. fi 10 0 


A. J. STEVENS CO, (1914) Ltd., Wireless Branch, ^Wolverhampton. 

Telspboaia: ssso (5 Unea) Winlsss CaU Stga : 5 R.I* Talagraiaa: RaeaptioB. WeheriiaaBptOik'* 


,, Kindly^ mention the Society when communicating with Adijertisers. 
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All eommunieatioHS for the Society should be addressed to the Secretary, John Street, 

Adeiphi, IV.C. (2.) 

NOTICES. 


NEXT WEEK. 

Wednesday, May 20th, at 8 p.m. (Ordinary Meeting.) Professor 
John Ambrose Fleming, M.A., D.Sc., F.R.S., " William Sturgeon and the 
Centenary of the Electro-magnet.*' Alan A. Campbell Swinton, F.R.S., 
late Chairman of the Council of the Society, will preside. 

Friday, May 22nd, at 4.30 p.m. (Indian Section.) Sir Alfred 
Chatterton, C.I.fe., B.Sc., Assoc-M.Inst.C.E., " The Industrial Progress of 
the Mysore State." Sir Thomas H. Holland, K.C.S.I., K.C.I.E., D.Sc., 
F.R.S., will preside. Tea and coffee will be served in the Library from 3.45 
p.m. i 


FOTHERGILL PRIZE. 

Under the Fothergill Trust the Council of the Royal Society of Arts offer 
a Prize of £100 for an essay on " Fire Waste (Loss of Property by Fire) and its 
Effects on the Economics of National Life in Great Britain." 

Intending Competitors must send in their essays not later than July 31st, 
1926, to the Secretary, Royal Society of Arts. 

The essays must be typed or clearly written. They may be sent in under 
the author’s name, or under a motto, accompanied by a sealed envelope enclos¬ 
ing the name, as preferred. 

The Judges will be appointed by the Council. 

The Council reserve the right of withholding the Prize or of awarding a smaller 
Prize or Prizes, if in the opinion of the Judges no suitable e^y is submitted. 

' The Council also reserve an option on the copyright of the successful essay. 

G. K. Menzies, 

Secretary, 
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TWENTIETH ORDINARY MEETING. 

Wednesday, May 6th, 1925. Mr. Alan A. Campbell Swinton, F.R.S., 
late Chairman of the Council of the Society, in the Chair. 

. The following candidates were proposed for election as Fellows of the 
Society:— 

Longer, Carl, Ph.D., K.C.S., Woolhampton, Berks. 

T^awford-Jones, Arthur John, Slough, trucks. 

Leonard, Ernest Arthur Edward, Barking, Essex. 

McMurray, J., C.B.E., Teheran, Persia. 

Mirchandani, Narain Khanchand, Sheffield. 

Pehrson, A.P., Sheffield. 

Radford, Henry C., Southampton. 

The following candidates were duly elected Fellows of the Society:— 

Dickson, Raynes Waite Stanley, Melbourne, Australia. 

Dowling, Henry George, London. 

Harding, Pearcy S., Sutton, Surrey. 

Lieb, Dr. John William, New York City, U.S.A. 

Lightfoot, Vernon Robert, Widnes, Lancs. 

Manson-Bahr, Philip, D.S.O., M.D., F.R.C.P., London. 

Nor< 5 n, Herbert, Walvis Bay, South Africa. 

Richards, Francis William, London. 

A paper on “ Commercial Aviation was read by Air Vice-Marshal 
Sir William Sefton Bkancker, K.C.B., A.F.C., Director of Civil Aviation, 
Air Ministry. 

The paper and discussion will be published in a subsequent number of the 
Journal, 

INDIAN SECTION. 

Friday, 8th May, 1925. Sir Reginald Arthur Manx, K.C.I.E., C.S.I., 
in the Chair. 

A paper on ** The Meteorology of India" was read by Sir Gilbert T. Walker, 
C.S.I., M.A., F.R.A.S., Sc.D., Ph.D., F.R.S., Professor of Meteorology, Imperial 
College of Sciencejand Technology, and late Director-General of Indian 
Observatories. PM 

The paper and discussion will be published in a subsequent number of the 
Journal. 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on “ Modem Colour Problems,” by Louis C. Martin, 
D.Sc., A.R.C.S., D.I.C., F.R.A.S., Lecturer in the Department of Optical 
^gineeiing and Applied Optics, Imperial College of Science and Technology, 
have been reprinted from the JourruU, and the pamphlet (price 2s.) can 
obtained bom the Secretary, Royal Society of Arts, John Street, Adelphi, 
W.C. 2. 

A biU list of the lectures which have been published separately and are still 
on sale can also be obtained on application. 
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PROCEEDINGS OF THE SOCIETY, 

SIXTEENTH ORDINARY MEETING. 

Wednesday^ March 25th, 1925. Mr. H. D, Searles-Wood, F.R.I.B.A., 
iin the Chair. 

The paper read was :— 

WALLPAPER: ITS HISTORY, PRODUCTION AND POSSIBILITIES. 

By Henry G. Dowung. 

Introduction. 

The manufacture of wallpapers has become one of our most important 
art industries, and, viewed in relation to their wide use and consequent possi¬ 
bilities to influence public taste, should have the thoughtful consideration 
of all interested in artistic matters. I therefore make no apology for reading 
a paper deaEng with the subject erf wallpapers. 

A Brief Historical Outline. 

The practice of ornamenting wall surfaces dates back to the earliest times. 
Almost daily we are receiving fresh evidences of the ancient Egyptian pictorial 
work, whilst the Pompeian remains attest that the mural painter's art was 
highly cultivated in Italy. But it is the tapestries, stamped leathers and 
woven stuffs which were used so extensively and for so long in Europe and 
among the Eastern coimtries that seem to have originated the earliest paper 
hangings, and there provided a less expensive method of finishing the walls 
of the homes where tapestries and woven stuffs could not be afforded. 

To produce these imitations chopped wool, known as " flock,*' wasemployed, 
and the method as applied to paperhangings was originated, about 1620, by 
Le Francois, of Rouen, who continued in business for fifty years with great 
success. Jerome Lanyer, of London, saw the possibilities of the new process, 
and obtained a patent from Charles I., dated May ist, 1634, exclusive 

right to manufacture flock hangings in England, giving them the name of 
Londrindiana. The record of the patent granted does not mention paper 
as one of the materials for the application of the flock, as it was not until late 
in the seventeenth century that paper was sufficiently serviceable for use as 
hangings. 

The manufacture of flock papers was consistently improved and developed 
in England, and at a time when France had turned to other methods. They 
were exported to France and caused no little excitement amongst those who 
knew of the country's claim to its invention, and resisted the rage for the 
English papers. But during the period when we were perfecting flock printing, 
France had been making remarkable strides with block printing in colours, 
and improving the productions of the early Dominotiers, a group of men in 
France principally engaged in the making of marble papers, used then for 
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the lining of boxes and books—papers closely resembling in manufacture 
and appearance the present-day ledger linings. In 1586 the Dominotiers 
combined with some wood engravers and produced by wooden blocks popular 
scenes, upholstery papers, and black and white checks for panels. These 
were all printed in black, afterward being finished in colours by brush with or 
without stencil. These Domino papers were pasted on the wall in sheets, 
and could be found in most houses of importance in France. As with to-day,, 
trade jealousy was provoked and resulted in litigation, and enactments were 
made as to the type of work it was permissible for them to produce—the order 
even determining the type of press to be used, and that the work was to be 
♦executed in the presence of a master printer. In 1688 Jean Papillon, the 
Master Dominotier, set up the first great printing house for wallpapers. His* 
thoroughness as a craftsman is indicated by the fact that he could, and actually 
did, carry out the complete process, making his own designs, putting them on 
to and carving the blocks, printing and colouring them, and even selling and 
hanging them. Papillon was the pioneer of continuous pattern in wallpapers, 
and naturally was soon imitated by competitors. Though in the Treatise 
on Wood Engraving,'* his son Jean Michel refers to his father’s papers aS' 
“ illuminated, ** there is no record of Papillon printing from blocks in colours, 
yet it is evident that he was responsible for its accomplishment later by one 
of his chief apprentices, Jacques Chauvau, who perfected the process. 

Round about this period Chinese paintings were being largely imported 
and were commanding high prices, and were also being laboriously copied by 
hand to supply the demand. The. extraordinary development of European 
letterpress printing doubtless gave the incentive for producing these Chinese 
papers in colour and from separate blocks, and from then onwards block 
printing of wallpapers became a recognised industry in both coimtries. Often 
these Chinese paintings are referred to as " Indian,” probably due to the fact 
that it was through the agency of the East India Company that these papers 
reached Europe. 

Quite a few of these paintings can still be seen on the walls on which they 
were originally hung; one of the finest specimens being at Coutts* Bank, 
opposite Charing Cross Station—a present in 1792 from Lord Macartney, 
our first ambassador to China, to Mr. Coutts, the banker. 

These particular paintings cover a space 20 x 30 by 12ft. high, and depict 
varied Chinese customs and industries. 

So prevalent was the new vogue that a certain John Baptist Jackson, a 
maker of paper hangings at Battersea, commenced a reaction agamst it, 
and in 1754 published a curious self-laudatory book, written in the third person, 
on the invention of printing in chiaro-scuro and the application of it to the 
making of paper hangings illustrated with prints in proper colours." His* 
bombastic claims to have invented the process of block printing in colours 
soem cbancteristic of a man who,, when he was employed in Paris by Papillon^ 
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was caught selling as his own one of his employer’s creations. In his essay 
he denounced the glaring colours ” which delight the eye that has no true 
judgment belonging to it,” and offered in their place copies of the most 
celebrated classic subjects, statues and landscapes. He al^ proposed that, 
instead of painting paper hangings in the drdinary way with size coburs, oil 
should be used, arguing the greater durability of it. Some of Jackson’s prints 
are still in existence. 

In France Reveillon had founded a wallpaper factory in Paris employing 
between three and four hundred workmen, the enterprise receiving I^g 
Louis XVI.’s warrant to the title " Royal Manufacturer.” Reveillon had the 
accumen to enlist the ser\’ices of well-known designers, amongst them being 
J. B. Huet (who created so many of the finest designs reproduced at Jouy 
by Oberkampf) and produced a very wide range of patterns. It was in his 
factory that the first outbreak of the French Revolution occurred, the mob 
destroying by fire his property, and Reveilbn himself escaping to England. 
The development of paper hanging manufacture in France thereafter makes 
particularly interesting study. It would take too long this evening to tell 
of the many successors to Reveillon, but it was during the time of the Terror 
that the discovery was made of producing continuous paper without seams 
and divisions. 

The house of Zuber, represented in this country by Mr. E. S. Theobald, was 
founded at Rixheim, near Mulhouse, in 1797, and is to-day producing un¬ 
doubtedly the finest series of landscape papers, some of which involve many 
hundreds of blocks. 

In 1830, printing by cylinder supplanted blocks, and, once the idea had 
been found workable, improvements came rapidly, and wallpaper printingseems 
to have started forward to the present highly-developed methods of production. 

The first cobur printing machine for wallpapers was exported to America 
in 1844 and to France in 1850. It was in the year 1839 ihat the firm of 
J. Potter, of Darwen, was established specially to carry on the manufacture 
of paper staining by machinery, and though its beginnings were of necessity 
tentative and limited in operation until the new process was finally demonstrated 
to be commercial in its character, from that time until the present, as a branch 
of the Wallpaper Manufacturers, Ltd., the firm have held a prominent position 
in the trade, with a reputation that extends over the civilised world. 

If time permitted I would have liked to refer to the-work carried on by the 
Echardts at Chelsea, and Mr. Sheringham (the Wedgwood of paper Stainers) 
in Great Marlborough Street; but before giving an outline of the two chief 
methods of present-^y production of wallpaper, would point out that diuing 
the period from 1779-1824 the importation of paper hangings into England 
vras prohibited, and that until 1830 our paper stainers were restricted to 
printing in sheets, owing to the tax stamp on eadi sheet. 

Some idea of the profits of the industry during that period can be gathered 
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by comparing the annual amount of duty paid by paper stainers. In 1770 
the revenue from the duty imposed amounted to :£i3,242 8s. xid., which 
rose regularly, with one exception, to the sum of £63,795 i6s. 9d. in the year 
1834, and it must be remembered this duty was in addition to that of 3d. 
per lb. on plain paper, which tax was not abolished until 1861 by Gladstone. 

The Manufacture of Wallpaper. ^ 

The principal methods of producing wallpapers are :— 

(1) Hand printing from blocks. 

(2) By machine. 

* (3) By stencil. 

(4) By hand painting. ^ 

There is available for your inspection after the lecture an actual roller used 
in machine printing, also two blocks used in hand printing, but besides these 
I have had slides made showing some of the processes for each, and think these 
will be more or less self-explanatory. 

Only a few factories are self-contained and actually manufacture their own 
raw material, though had I had the facilities and time, I could have shown 
by film all the processes of such a factory. In general appearance the printing 
machines closely resemble those used in textile mills, but their great difference 
is in the printing rollers. These rollers are made of maple or sycamore wood 
mounted on long iron spindles. From the original design prepared by the 
artist a series of tracings is made and put on to the rollers, one for each colour. 
Skilled craftsmen then proceed to cut lengths.of brass ribbon and bend and 
cut them to form the outline of the particular colour shape. This brass projects 
about ^ inch above the surface, and, where solid masses of colour are required, 
is filled in with specially prepared sodden felt, thus making a solid yet resilient 
printing surface after it has been ground evenly on a lathe. All the rollers 
required for the particular pattern are printed on the one printing machine, 
and by highly ingenious methods are geared up so that accurate registration 
is ensured. Each roller is supplied with the appropriate colour by means of 
a continuous felt sieve cloth, which picks up colour from the trough roller. 
Any excess of colour is dealt with by a blade or “ doctor,” which scrapes the 
cloth, allowing only sufficient colour to reach the printing roller. The paper 
is carried on a rubber blanket during actual printing to ensure perfect printing 
surface. Passing through the printer each roller contributes its colour share 
to the complete design, and as the printed paper emerges it is picked up by a 
series of automatically controlled wooden bars, which successively loops the 
paper, and which then proceeds through the drying chamber. Tliough 
theoretically the number of rollers is unlimited, usually twelve is the krgest 
number employed, though I shew one with twenty colours. After travelling 
about ninety feet the wallpaper is thoroughly dry, and, unless it has to be 
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overprinted or embossed, it is reeled and cut into rolls ready for the paper- 
hanger. 

Polished copper cylinders are used for printing " sanitary papers, the 
design being traced or photographed on to the cylinder and then engraved 
by a series of stipple punches—^really a coarser form of mezzotint engraving. 
By the use of the three primaries and a dark brown or black, manufacturers 
can produce every variety of colour and tone. The chief advantage of this 
process is that graduated tones and blends of colour can be obtained not 
possible with surface printing. 

In hand printing you will notice that the block consists of three thicknesses 
of wood cemented together, the top, or cutting surface, being usually of 
sycamore or peartree wood. The outline is " rubbed down '* on this fine 
surface and the design, is coloured in with a wash of vermilion The block 
in this state is handed to the block cutter, who goes over all the outline with 
tiny gouges and chisels, cutting the outline into the block to the depth of about 
3/i6ths of an inch. When the whole of the outline has been cut he removes all 
the superfluous surface of the block, leaving only those portions which were 
coloured by the tracer. 

We have now a block with the design standing up in bold relief, but before 
it can be used to print a continuous design it must be provided with metal 
pins, which mark the top and bottom of the design. These are intended to 
print on the edge of the paper, which will be trimmed off by the paperhanger. 
These printed dots are used by the printer to register the repeat of the 
design. For the purpose of handling the block a short strap is nailed across 
the back, making a loop just large enough to allow the printer's hand to be 
inserted. 

The printing table is still made on the pattern of those used in the earliest 
days of the craft. Pressure is brought to bear on the block by a “ dolly pole ” 
suspended over the centre of the table. This pole can be brought down by a 
simple system of levers worked by the foot of the printer. On the table is 
laid several thicknesses of felt, and over this is drawn the paper to be printed. 

Beside the table stands the colour box. This consists of a box holding a few 
inches in depth of thick gum, upon which floats a shallow tray measuring 
about 36in. x 32in., the bottom of which is made of waterproof canvas, and 
on this is laid a square of felt. A lad or girl stands by the colour box to keep 
the square of felt well brushed over with the size colour used for printing. The 
printing block is dabbed on this colour, then laid on the paper to be printed, 
and the needed pressure is applied by the " dolly pole." The block then is 
returned to the colour case and the printed portion of the paper is drawn 
forward, leaving the next space in position ready for the next impression 
of the block. The printer follows on the work by fitting the leading pin or 
gauge on to the one at the end of the first print, continuing to repeat the design 
by carefully joining end to end, imtil the twelve-yard length of the paper has 
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all been passed under the press. If the pattern has two or more colours the 
process must be repeated for each colour. 

The paper itself is first covered with a ground of colour. This for a few pieces 
is done by hand on a table twelve yards long, or, if many pieces are required, 
by a grounding machine. The paper is sometimes embossed after the printing, 
or as a first process to the plain white paper. This latter way gives a very 
rich effect when transparent colour is used, as the deeper parts of the 
embossing take a darker colour. 

There is no comparison between the two processes in finish, still less in 
output, for while the machine can roughly turn out thousands of rolls a day, 
4 here are hand-printed designs where skilled printers cannot exceed one 
hundred pieces a month. $ 

Stencilled papers are usually worked in conjunction with hand blocks. 
The stencils are cut in zinc and the colours worked into the outline printed 
usually by block. 

Embossed papers arc produced by two rollers—one in relief and the other 
sunken—which impress the paper as it passes between them. 

In reviewing the history of English wallpapers it is impossible not to refer 
to William Morris, who probably did more than any other craftsman to give 
a new impulse to the production of wallpapers. He devoted much of his 
attention to its design and printing, and proved that by giving patterns right 
in structure, character and selection of colour, wallpaper designing was worthy 
of the attention of the best designers. His earliest work was characterised 
by a charming straightforward simplicity, th6ugh later his designs were more 
demonstrative of line, yet it is his earlier work which is again in demand. 
Morris was a man of immense power and not merely a soulful paperhanger 
and decorative dreamer of dreams, as we might suppose by the utterances of 
some of his admirers. His work was the evidence of his convictions, and he 
applied his sense of design not only to wallpapers, but to poetry, and ultimately 
to life. The " Trellis " paper was the first of the Morris wallpaper designs, 
though it was third in order of production, and it is an interesting sidelight 
on the character of the man that with the bird forms he preferred to have the 
co-operation of another designer, Mr. Philip Webb. Owing to delays in cutting, 
however, the first paper actually to be printed and sold was the " Daisy," 
an incident worth mentioning, because this design heads the sales of the Morris 
wallpapers practically without a break for half a century. This has established 
what may be considered a record in the popularity of a single design. 

There is a pattern book available here containing his designs, and from 
it you will note that the colours emptoyed are neither few in number nqr 
low in tone, yet they are combined with such skilful judgment that the harmony 
is perfect. Many of his designs are so reticent in cobur and line that they 
iunctbn readily enough as backgrounds to decorative accessories. In designmg 
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he ever kept before him the limitations of the medium in which he sought 
to express himself, as well as the purpose for which it was to be used. 

Not only by his pencil, but by his pen as well, he showed how important 
is the artistic treatment of wall spaces, for in his lecture on '' The Lesser Arts 
of'Life he insists that .... “whatever you have in your rooms, think 
first of the walls ; for they are that which makes your house and home ; and 
if you don't make some sacrifice in their favour you will find your chambers 
have a kind of makeshift, lodging-house look atout them, however rich and 
handsome your movables may be." Then later : “lam bound to say some¬ 
thing on the quite modem and very humble, but as things go, useful art of 
printing patterns on paper for wall hangings. But really there is not much 
to be said about it, unless we were considering the arrangement and formation 
of its patterns, because it is so very free from those difficulties, the meeting 
and the conquering of which give character to the more intricate crafts." 

Largely through Morris’s influence many decorative artistes entered this 
branch of domestic ornamentation. To name only a few—Messrs. Voj^y, 
Walter Crane, He5rwood Summer, Lewis Day, Arthur Silver and George Haite. 

I have had slides made of some of these designers' work, and also a few of 
Mr. Horace Warner's, of Messrs. Jeffrey and Co., which for beauty of line 
and colour would be difficult to surpass. 

From all indications, it seems to be evident that we are soon to witness a 
reaction on the part of the public in favour of patterned walls. 

We are all too painfully familiar with the conditions which demanded 
relief from sadness and privation, and found it in extreme design and riotous 
colour. Nothing in those days seemed too extravagant in colour arrangement 
or tpo “ wild " in motif —an)^hing to obliterate the memories of evil times. 

Viewed in the light of the conditions that produced such a demand, allowance 
can be made for the freakish and bizarre effects that were the vogue immediately 
after the war. That phase of colour decoration went gradually and com¬ 
pletely, and with it all the jazz arrangements of stripes, circles and triangles. 

As with any revolutionary movement, failure is bound to result where basic 
principles of order and discipline arc ignored. The outcome was a demand 
for simplicity in colour and design, which soft goods manufacturers readily 
availed themselves of to bring forward a range of designs that demanded as 
offset a severely plain background. They are to be congratulated on their 
preparedness to so quickly supply the anticipated want. Art societies, which, 
for a long time had been combating the superstition that real art depended 
on elaborate and heavily loaded ornament, welcomed any revolt against the 
Victorian period, and saw in it the prelude to a return to simplicity of pattern 
and colour. By exhibitions and in print they consistently heralded the 
approach of the time when “ blue ribbons and pink roses “ would be an 
abomination to the average home owner. They viewed the exotic phase of 
the change as in the order of things—as a sign of life and a reverson to former 
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ideas and types. It is remarkable, is it not, when we think of the Victorianz 
period’s quest after realism, of the present return to an extreme of simplicity. 
And we might be thankful it came via the Jazz period, for to-day we have 
gay but ordered colour, with a delight in frank and simple patterns. Further¬ 
more, there are evidences of an awakening interest in aesthetic matters- 
generaUy. The national aesthetic impulse has seemingly been quickened. 
There is a conscious improvement in the relationship existing between the 
artist and the manufacturer. One has only to go through our leading depart¬ 
mental stores for proof of this, and there see the wealth of artistic goods and 
materials displayed. The manufacturer has discovered that artistry in his- 
plroducts is a commercial asset, and is increasingly employing men of proved 
ability in the field of design, whilst the artist, craftsman and designer has- 
recognised that he must accept the prevailing industrial conditions, and thsft 
if the public taste is to be improved his artistic abilities must find expression 
by mastering the machine, for by it alone will the art that will minister to 
national demands be met. 

Craftsmanship to-day means the production of efficient things; it stands 
for art service—service bringing grace and beauty to accessories of everyday 
life. Unfortunately, the great interest being shown in interior decoration 
has inspired many enterprising journalists and facile writers to pose as experts,, 
writing most ingenious articles on every phase of home decoration, with the 
result that we have quite a host of so-called authorities on decoration, and 
quite a number of periodicals concerned wholly with the home and its appoint¬ 
ments. Often, it is to be feared, ignorance of the wealth of decorative materials 
was the reason for their proclamation of the'gospel of bare walls, but the 
average home owner is a person who wants his home to be a pleasure to himself 
and his friends and to reflect his interest in its decorative treatment, and whilst 
he will refrain from vulgar display of possessions, he will not go to the opposite 
extreme and live between bare walls, for he has found out that there is added 
warmth and comfort when the walls are covered with a carefully selected texture 
or patterned wallpaper. We do well to remember that overstudied simplicity 
may become as baneful as the over-elaboration of yesterday. 

Wallpaper manufacturers to-day produce a wide range of plain effects in 
all manner of pleasing textures, so there is available a choice of papers to 
satisfy even the most insistent advocate of the plain wall. 

Nevertheless, however high their intrinsic qualities, wallpapers must be 
considered in relation to the objects in proximity to them. Walter Crane, 
in his " Ideals of Art," aptly says :— 

" Relationship is, of course, the essential in all decoration, otherwise 
it becomes a patchwork of conflicting pattern and colour. It matters not 
what our materials may be, or by what means, costly or simple, we seek 
to obtain our effect—^whether by painting, carving, gilding and rich textiles, 
metal or plaster y^ork, stamped leather or wallpaper, stencilling, tiles and 
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plain painting or stained wood and whitewash—all must be in keeping 

and seem fit and in its right place and proportion, and suitable to its con¬ 
ditions and surroundings.** 

Whether drawing rooms, music rooms, halls, living rooms, bedrooms or 
studies are in question, or whether we are considering plain papers and borders, 
patterned papers and stilings, or allover designs, it is essential that the 
iumishings of the particular apartment should be properly considered in 
relation to the choice of background. The function of the room should be 
considered, its method of lighting, its architectural features and general 
immediate surroundings. Some rooms are required to give the feeling of 
rest and quietness ; others gaiety and motion. A dining room, for instance, 
should look a suitable place to eat in ; a living room to live in, with a refined, 
quiet and otherwise pleasing atmosphere. Bedrooms should be restful and 
light. Be acssured that if the wallpaper scheme in the dining room is so 
insistent that it is disturbing while you eat, it is wrong in selection ; if the 
lines and motifs in the living room wallpaper are worrying and unrestful, 
it is in bad taste ; or if the wallpaper in the bedroom is so riotous in colour 
and full of movement as to give anything but an atmosphere of repose and 
contentment, it, also, is in bad taste. The following mental questions are 
suggested as useful aids in determining the choice of wallpaper for any apart¬ 
ment :— 

1. Is the wallpaper to be the decorative feature or only a background for 
pictures and other decorative accessories in the apartment ? 

2. What description of wallpaper filling design will best accomplish this 
main object ? 

3. Is it fitted for the purpose for which the apartment is used ? 

4. Will the pattern, scale, and colouring be in harmony with furnishings, 
objets d*art, etc.? 

3. What method of treatment would be most suitable to the general features 
of the room and to the character of the filling design under consider¬ 
ation ? 

6. Does it also materially enhance the beauty of the filling design as well 
as of the room as a whole ? 

As to the methods of treatment of wallpapers, they can be as varied as the 
ingenuity of the decorator can devise. If a plain or textured paper is to 
be used, it may call for a border, and this can be treated in a variety of ways. 
The border can be used to make each wall one large panel; or each wall into 
a series of carefully proportioned panels. Or, again, the border may be placed 
below the picture rail, or with a second the same distance above the skirting 
board. If a patterned paper is selected, the room may call for a stiling, the 
width of which will be determined by the type of filling design and siase of the 
apartm^t. 
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It is in this {rovince that we can do with paper what cannot be done so 
well with plain paint. The too lofty room may be apparently towered; the 
tow ceiling raised; the narrow room made to appear wider, and the room that 
is too wide narrowed. As a rule, panelling, whether by stile or border, is not 
suitable for irregularly shaped rooms ; or for the room crowded with furniture. 
It will further dwarf a small room, but proves most successful in drawing¬ 
rooms and bedrooms. Staircases also are not so well adapted for panelling. 
In the selection of suitable papers for panelling purposes, it must be remembered 
that the most pleasing effects are to be had with simple designs and colourings. 
Unless the fiUtog is quite plain, the stiling should be plain, save at the edges. 
T>e'‘ Chinese Stile " decoration, of Messrs. Heifer Scott, which I have here,, 
is an example of the decorative note being centred in the stile, and there are 
other instances where the whole of the interest is in a richly-designed moti( 
placed in an extra wide stile instead of the filling. In all .paneUing work 
it is imperative that the decorator is acquainted with the intended position 
of the furniture. 

But, giving far greater scope to the enterprising decorator are the papers 
which allow of motifs being cut from them to build up decorative schemes, as 
the apartment will allow and his fancy dictate. Nearly all of the makers' 
sets contain some designs at least that will allow adaptation for cutting out 
purposes. You will see, amongst the specimens available, examples from a 
series of papers which are specially designed for such purposes ; and I have on 
the table portfolios containing a wealth of ideas for building up schemes. In 
this particular range of designs the makers produce cretormes to match, thus 
further assisting the interior decorator. 

Quite a new departure in wallpaper design is the " Guinevere " ^coration 
on view, which is produced by my firm. Here the idea is to provide a note 
of glowing colour in one comer of the room and to link that up along the top 
of the skirting board. It is a departure from the generally accepted idea of 
w^paper decoration. The “ Midsummer Night's Dream" has a similar 
purpose, and provides an ideal decoration for a boudoir. Beyond question,, 
there is no more important consideration in the decorative scheme than colour. 
So engaging has the subject become that even the wife of our present Lord 
Chancellor and Counsellor of State can write in the columns of the evening 
press on the subject of colour and its effect upon health. Women ate dis- 
oovering that their innate abilities of discrimination, selection and comparison,, 
used to express their personalities to others in dress, can also be turned, and 
with greater advantage, to minister to their , own individual comfort, and that 
by the intelligent choice of colour in the home they can equally express their 
personality. 

Colour is analogous to music. It has the power to affect and work upon 
the passions of the tnind. Who has not been impressed with the 
glowtt^ sunset or the many-hued rainbow against the thunder- 
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grey sky ? A person of refined susceptibilities would find it 
impossible to live with a discordant colour arrangement. This is, 
therefore, another vital factor determining wallpaper selection ; for the 
apparent size of the apartment can be affected by the intensity and value of 
the prevailing colours used, light or dull colours conveying size, and the 
stronger and darker colours making it appear smaller. It is unfortunate that 
there is not an accepted standard colour chart, for some of the so-called 
“ fashionable *' colours would baffle the most expert salesman, “ Elephant’s 
breath,'* for example. 

A decorator possessed of a knowledge of the psychological effects of colour and 
a trained colour sense will have the right colour, or combinaiton of colours, 
in the right place. He will select it for its fitness of purpose, and further 
see that it is in right proportion. 

Yellow—^the colour of sunlight—^has been much in demand, and is par- 
ticularly useful for lightening dark rooms. Colours also composed of a con¬ 
siderable amount of yellow are all luminous and light-giving. 

Blue, which seems now to be the colour in demand, is retiring and soothing 
in its influence. In some shades it is cold, but in all gives spaciousness. 

Reds, of the vermilion order, are exciting and advance ; that is, they have 
a tendency to come forward and make walls appear nearer and thus apparently 
dwarfing the size. All reds, however, have a quality of warmth. 

Orange is expressive of heat, and if too large a proportion of red enters 
its composition becomes irritating. . 

Green is restful. 

Purple is regal, but the most retiring of all the rich colours. 

Certain colours are associated with certain periods, and if a period decorative 
scheme is in question should be followed. Of course, even among the best 
decorators, there is a divergence of opinion regarding colour and colour com¬ 
bination—due probably either to temperament or individual colour sense. 
This may apply alike to intensity of colour, strong colour being a delight to 
some and nausea to others. 

But, in any case, there is no necessity for white and drab schemes. Colour 
in the home is productive of joyousness and life, and its uses give an opportunity 
to express personality. Two useful principles to bear in mind are :— 

1. Wallpaper backgrounds should be less intense in general cobur than the 
objects that are to appear against them in any decorative way, and its 
corollary,— 

2. That the larger the colour area the less intense it should be ; the smaller 
the area the more intense it may be. 

For the sake of any young designers pr^nt I would have liked to have 
quoted at length from William Morris's lecture, " Making the best of it»" 
for in it he has some most useful hints on the structiure of patterns, but a few 
of his general observations will be helpful 
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" In all patterns which are meant to fill the eye and satisfy the mind, 
there should be a certain m3rstery. We should not be able to read the whole 
thing at once, nor desire to do so, nor be impelled by that desire to go on 
tracing line after line to find out how the pattern is made, and I think that 
the obvious presence of a geometrical order, if it be, as it should be, beautiful, 
tends towards this end, and prevents our feeling restless over a pattern. 

" Everyone who has practised the desigi^ing of patterns knows the necessity 
for covering the ground equably and richly. This is really to a great extent 
the secret of obtaining the look of satisfying mystery aforesaid, and it is 
the very test of capacity in a designer. 

" Remember that a pattern is either right or wrong. It cannot be forgiven 
fof blundering. It is with a pattern as with a fortress—it is no stronger 
than its weakest point. A failure forever recurring torments the eye too 
much to allow the mind to take any pleasure in suggestion and intention. 

“As to the second moral quality of design, meaning, I include in that the 
invention and imagination which forms the soul of this art, as of all others, 
and which, when submitted to the bonds of order, has a body and a visible 
•existence. Now, form may be taught, but the spirit that breathes through 
it cannot be ; so I will content m5^elf with saying this on these qualities, 
that though a designer may put all manner of strangeness and surprise 
into his patterns, he must not do so at the expense of beauty. You will 
never find a case in this kind of work where ugliness and violence are not 
the result of barrenness and not of fertility of invention. The fertile man 
—he of resource—has not to worry himself about invention. He need but 
think of beauty and simplicity of expression ;. his work will grow on and 
on, one thing leading to another, as it fares with a beautiful tree.“ 

“ You must not only mean something in 5^ur patterns, but must also 
be able to make others understand that meaning. Now the only way 
in our craft of design for compelling people to understand you is to follow 
hard in Nature ; for what else can you refer people to, or what else is there 
that everybody can understand ?—everybody, that is, worth addressing 
yourself to, which includes all people who can feel or think." 

But the designer of real ability will seek for new ideas from every conceivable 
- j^urce—in and outside of museums ; from jewellery; store windows ; books 
and textiles—^not only for motifs and arrangement of pattern, but also for 
new treatments in wall decorations generally. 

Most of the manufacturers have their own staff of designers—men who are 
in actual contact with the factory, and conversant with all the possibilities 
and limitations of wallpaper printing—but designs are bought from free lance 
designers, though the successful men could be counted on the fingers of one’s 
Jhands. 

From the manufacturers’ point of view, I am convinced that it is a short- 
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sighted policy simply to regard wallpaper from a utilitarian point of view» 
and on that ground alone to work for its universal use. Temptations lie in 
that direction to disregard artistic quality which would inevitably re-act 
against their use. They do well to rememter, however, its wide use. and see 
in that their opportunity to develop the public taste. 

One of the manufacturers' and merchants' main difficulties is the lack of 
really skilled paperhangers—men of skill and taste who can intelligently 
handle their goods. American manufacturers have already tackled this 
problem, and have combined in an educational campaign for the training of 
paperhangers, and I believe some such scheme will have to be evolved for the 
trade here. 

But the happkst omen of the present phase is that the decorator—the man 
who handles the wallpaper—is beginning to realise that he must specialise, 
and that the younger men entering the decorating trade should be given a 
training in art as well as in the theory and practice of their craft. 

The art of interior decoration is one which caUs for knowledge of materials 
and a keen appreciation of the principles and traditions which make for beauty 
and usefulness. It is essentially an art which calls for the exercise of a high 
standard of artistic judgment and feeling, for whilst the easel artist can com¬ 
fortably correct his painting or drawing, error in judgment by the interior 
decorator is costly both in time and materials. Knowledge is power, and 
there is no excuse for asserting that it hampers originality. 

The decorating trade does well to concentrate on the training of its younger 
men, for decoration is now one of the most promising and modem of the pro¬ 
fessions. That there is an upward trend in decorative matters generally 
is encouraging, but greater impetus would be given to this general improvement 
if salesmen and others engaged in the furnishing trade, and wallpaper houses 
in particular, could be persuaded to undergo a course of specialised instruction 
in the principles governing good decoration, and doubtless this could be 
accomplished once it was demonstrated that an acquaintance with the styles 
and vital principles is essential to the 100 per cent, salesman. A more intimate 
knowledge and appreciation of what is good would certainly make for greater 
enthusiasm, and salesmen would thus become greater factors in the advancement 
of good design. It can scarcely be challenged that the retail salesman exercises 
a larger influence in affecting the quality of the thing sold to the customer 
than that coming from any other quarter. 

The aesthetic quality of the product that actually finds a place in the house¬ 
hold of this coiuitry is for this reason dependent to a very large extent upon 
intelligence and artistic appreciation in these persons. 

Though we have little to learn from America as far as design for textile or 
wallpaper is concerned, resolute co-operative efforts are being made there 
for definite progress in artistic development. In 1920 a very careful survey 
was made of the manufacturing industries in which design exercises a relatively 
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important influence, amongst the industries being that of wallpaper printing. 
Coinciding with the trade survey, a study of the work in " applied design/’ 
represented by the art schools of the country, was made, and the report will 
undoubtedly prove an invaluable ^de in the improvement of American 
methdds in the training of designers for the respective trades. 

If some such report could be instigated in this country I am confident much 
practical good would result, and that instead of the present callous criticism 
of our Government art schools, practical co-operation on a systematic basis 
would result between the manufacturer and these institutions. Criticism, 
to be of any good value, must be sympathetic. 

l 4 om the English wallpaper manufacturers’ standpoint I believe there is 
a genuine endeavour being made to eliminate bad designs, and to search for 
new designs and materials that will ensure a continuance of. our national 
lead in this important art industry. There is ample justification for the 
** reason why ” advertisements now being issued by the English manufacturers, 
and their claim to produce the best wallpapers. 

[The Paper was illustrated with 70 slides and many specimens of 

wallpaper.] 


DISCUSSION. 

The Chairman was sure the audience would agree that the paper had been a most 
interesting one, and that the author in reading it had held their attention spellbound 
the whole of the time. He had been wondering what his qualification was in 
occupying the Chair, and he could only think that it must be that for more than 50 
years it had been his painful duty to attend on lady clients when they were selecting 
wallpapers for their houses; and from his experience he had the very greatest 
sympathy and respect for the salesman in such circumstances. He wished it were 
possible to have an exhibition of the excellent wallpapers shown by Mr. Dowling, 
say at an Ideal Home Exhibition, in order to train the general public to appreciate 
and desire those designs, because it was really most tr^dng when clients insisted upon 
having the things which they did select. 

The lecturer’s reference to S3anpathetic colours reminded him of a little incident 
which had happened to him some years ago. He had had to build a house for one 
of the Sheriffs of the City of London. He had just got to the decoration part of it 
when his client had assumed his year of office. The Sheriff’s wife had strong tastes 
in colour, and had selected for the bedroom a greenery-yellow paper. The first 
night the Sheriff returned home from his first official City dinner he had occupied 
that particular room, and woke up in the middle of the night with a most abominable 
bilious attack, which he attributed to the wallpaper, but which was no doubt due 
to other things. 

With regard to the much maligned paperhanger, he was tempted to ask whether 
he had a very free hand in the matter. He could, of course, hang things upside down 
and that sort of thing, but really he did not come on the scene as a rule until after 
the paper had been selected ; and he did not get very much opportunity of exercising 
any choice at discretion. . 
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Mr. Horace Warner proposed that a hearty vote of thanks should be given to the 
author for his paper. He was afraid he could add nothing to what the author had 
said, but he had greatly appreciated the lecture. 

;^R. A. V. SuGDEN desired to state with what pleasure he had listened to the 
paper, and how much he appreciated the enormous labour which the author must 
have put into it. He would also like to remark that Mr. Dowling had presented 
a most wonderful selection of slides, which had been of very great assistance in 
illustrating the points contained in the paper. The English wallpaper industry, 
as the author had shown, was of very considerable antiquity. Wallpapers 
had been produced in England as far back as the beginning of the 16th century, 
and just lately an American authoress had attributed to England one which 
went back to 1425. His own colleagues and himself were trying to trace that 
particular paper so as to confirm if possible that attribution, and if they were 
successful it would prove, he believed, to be a sort of attempt to portray St. George 
in flock. The use of flock for the embellishment of cloth probably dated to 
about 1290, and the use of flock on paper went back to as early a date as 1455. 

He thought the author had been very wise to emphasise the influence of William 
Morris. William Morris had restored to the English industry a supremacy which 
had previously passed from England to France. He, more than any other man, 
had brought back that supremacy to England. He had been followed by a wonderful 
band of men ; Walter Crane was probably his nearest successor, and was a most 
wonderful artist, in addition to being a very wonderful wallpaper designer. Then 
had come Lewis Day, who possessed a perfect genius for patterning. He did not 
believe Lewis Day had ever drawn a pattern which did not repeat perfectly and, 
what was even more important, which did not repeat in such a manner as not to 
annoy. One of the most annoying things about a wallpaper was a bad repeat. 
Lewis Day, always in the most clever and artistic manner, concealed his repeat, 
which was, after all, a necessity in mechanical production. Then came Mr. Voysey 
and a band of artists who had done probably more than any others to bring English 
wallpaper to the front. Just before the war there had been an extraordinary period 
when the frieze had come into vogue; the ingenuity of ideas and subjects used 
in frieze was probably as remarkable as anything which had ever happen^ in wall¬ 
paper history. The frieze had worked itself out by sheer over-enthusiasm. Every 
kind of motif had been used. Nothing had been sacrosant; everything had been 
dragged in to serve the vehicle of the designer, and the result of the frieze becoming 
such a dominant note had been that wallpaper grew extremely quiet, and the pattern 
had almost disappeared. Then came the war, during which the wallpaper manu¬ 
facturers of this country had been very largely engaged in the manufacture of 
munitions. After the war there came that horrible period to which the author had 
referred—the nondescript sort of period of ** jazz,*' and so forth, which had happily 
now disappeared. 

The war had taught English wallpaper manufacturers how unwise they had been 
to have become so dependent on the foreigner for designs. The Frencl^ had always 
been and always would be supreme in certain types of flower design and period 
stuff; but the English wallpaper industry had come to lean on the Germans because 
the Germans were so clever at saving Ixouble. The German designs had been ex- 
tremdy easy to cut or engrave, and the Englhdi industry had neglected the Engliidi 
designers simply on account of the cleverness of the German designers in saving 
trouble. However, the war had made it necessary for the English^industry to tram 
its own young designers—^very often ladies, because the young men had had to go to 
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the front. Asr he had said, the industry had had to give a good deal of attention to 
the training of English designers during the war, and the result had been that, 
although the industry was open to buy designs from all parts of the world, the merit 
of the English designer was such that not more than i or 2 per cent of the designs 
now cakne from abroad. 

He thought the industry was extremely fortunate at the present time in having 
several houses, including that which the author, served, which were doing a tremen¬ 
dous lot to uphold the craftsmanship of the trade and the artistic value of wallpaper. 
He hoped and believed that amongst the gentlemen who were contemporary with 
themselves they would have such a band of wallpaper manufacturers as would also 
leave their mark very honourably on the pages of wallpaper manufacture history. 

* 

Mr. W. G. Raff6 said that one point had struck him very recently in seeing some 
of Messrs. Green and Abbott's interesting Chinese papers, namely, that the cycle of 
wallpaper manufacture seemed to have turned the whole circle in its development, 
back to small sheets of paper, which had been made by the old manufacturers 
simply because they could not produce longer paper like that which was made at 
present, and to which the industry was now returning, not only in Chinese papersx 
but in many of the details of ornament rather than repeated pattern. With regard to 
the point of insistence upon colour, he had seen very many wallpaper patterns which 
had appealed to him as being excellent designs, but which had lost in colour value by 
one of the tints used ; and it had always struck him that if only the manufacturer had 
employed some really sensible colour man to overhaul not the pattern but the actual 
inks used in the printing, perhaps one alteration only could have made the difference 
between success and failure. There was one very important point in connexion 
with wallpaper patterns, and that was not only to get the right colour in the rooms 
but to light the rooms properly. The importance of illumination on decoration was 
so great as to make it worth while to employ an expert in that direction. With 
reference to the Chairman's suggestion that wallpapers should be shown at Ideal 
Home Exhibitions, at the forthcoming Wembley Exhibition in the Engineering 
Section there were going to be a number of completely built houses exhibited, and 
he hoped some steps would be taken by wallpaper manufacturers to show the latest 
developments of their trade there. 

Mr. Bernard Donald said he could only add his word of appreciation to those of 
previous speakers, and say how delightful it had been to hear the author speak on a 
subject with which he was so very well acquainted and in regard to which he was so 
well qualified to teach many of those, in the industry. The author, in the course of 
his paper, had said so many things towards stimulating interest in the actual creation 
of the article with which he had dealt that the industry should be extremely grateful 
to him. Those who enjoyed form and colour in the article itself were extremely 
apt to forget what tremendous brainwork and thought had gone to the creation of 
that article. No doubt a price was paid for it, but in many cases that price was 
absolutely out of proportion to the wealth of pleasure given by it. It was very often 
distressing to see the very small amount of recognition given to the great work and 
thought which was put into wallpaper designs. 

Mr. a. B. Sanderson expressed his great pleasure at being present to hear the 
lecture. He was one of the author's opponents in business, and as such he could 
pwhap^ appreciate moie than some of the other members of the. audience the 
encMoua ^ount of work and labour which Mr. Dowling had put into his paper^ 
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Mr. John Chasney remarked that, although Mr. Dowling had seemed to have 
dealt with the subject from the very beginning to the end, he thought it would be 
generally felt that he had given rather an idea that there were still greater things in 
store for the industry in the future than had ever been produced in the past. 
William Morris might have given the industry a great inspiration, but personally 
he did not think it had yet finished with inspiration, and that there were still greater 
things to be done in the future in regard to wallpapers than had ever been done in 
the past. When the industry got, on the sales side, men with such intelligence, 
skill and thought as Mr. Dowling, there was some hope for the manufacturers to 
continue to try to produce better stuff. There had been a tendency on the part of 
the manufacturers to get depressed because sometimes people did not know how 
to use the material which had been produced. If they could get lectures of the 
present kind which would put before the public the real merit of wallpapers and 
what wallpapers could do to make the home beautiful and attractive, there was no 
saying to what limits the industry could go. 

Mr. Edgar Smith said there was one point he would like to mention, which, he 
thought, would interest those present. As the slides were shown he had 
thought what a pity it was that the work of an artist should be so easily lost and 
forgotten. The artist put his whole soul into his design, and possibly received a fee 
of ten guineas for it although he put ;^ioo worth of real thought into it. It then went 
on to the rollers and was sold on paper for a period of two or three years. Then the 
walls got old, and the machinery which printed it was turned off to make other 
patterns. The result was that that very beautiful design was lost. In this country 
there were people who collected works of art—^pictures, glass and so on—^but it was 
a very rare thing indeed to come across anybody who collected old wallpapers. He 
dared to prophesy that if any man had a collection of things as beautiful as those 
which had been shown on the wall that evening, in a century's time they would be 
of inestimable value. He desired to give that tip " to those present. 

Mr. B. Phelps said decorators looked askance at the wallpaper manufacturer 
because they always felt that wallpaper decoration never fully gave them a medium 
by which to express not only their individual artistic needs but those of their clients. 
The author had shown that night, however, that like many other things, wallpapers 
had certainly evolved for the better. It was in the line of modem ideas which the 
author had pointed out, namely, the adaptability of designs to the needs of the 
decorator wherein lay the hope of the wallpaper manufacturer. He was very pleased 
at the significance which the author attached to the need of co-operation between the 
manufacturer and the artist, and there was evidence to-day that that co-operation 
was taking place. 

Mr. C. Renton drew attention to the fact that present-day conditions were 
forcing a number of people to decorate their own homes. The Press from time to 
time published spasmodic articles on how to decorate the home. He beliex'ed more 
often than not that those articles were not always correct and led a good many people 
taking a wrong direction in the matter of decoration. He thought it should be 
the policy of the Association of Wallpaper Manufacturers to appoint a writer who was 
capable of dealing with all decorative subjects, and of writing inspired articles for 
the Press, teaching the people how to decorate their homes in a proper manner; 99 
per cent, of the people to-day did not allow themselves sufficient time in which to 
d^ate a room properly. They wanted a waUpaper which they could handle 
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quickly, and they had not the slightest idea of how to hang paper so as to create an 
artistic room. A great deal had been done at the Ideal Home Exhibitioh, and those 
efforts were already bearing fruit. He thought if there was a greater publication of 
articles dealing with decorative schemes, issued by the Association of Wallpaper 
Manufacturers and by merchants in general, a much better tone of paper would 
be used by the public. Another point was that merchants should pay more atten¬ 
tion to wallpapers in their sales rooms. At the present time the exhibition of 
wallpapers in showrooms was infinitesimal, and moreover very often dirty looking 
waUpaper was exhibited which did not encourage persons to go in to view artistic 
decorative schemes. 

Mr. Horace Warner, in reference to what Mr. Smith had said about collections 
of w^papers, said he did not know that manufacturers would altogether welcome 
such a suggestion. Some years back, when a similar lecture had been given, it had 
been stated that if those present would care to write to the firm of which he was a 
representative and ask for a collection of Walter Crane's and Lewis Day's 
designs they would be supplied with specimens. The result had been 
that the firm was inundated for weeks and weeks with requests from 
all over the country. Therefore he would suggest that instead of private 
collection of wallpapers there should be a national collection, which should 
be housed in the various museums of the country, and could be added to year after 
year. That, he thought, would be extremely valuable to the nation, and those 
interested in the subject could go to those museums and study the subject. 

Mr. H. F. Button remarked with regard to the suggested collections of wall¬ 
papers, that it would be well for wallpaper manufacturers to put a price on any 
specimen which was asked for. That was being done by the Underground Railway 
in connexion with their posters, some of the earliest of which, he believed, were now 
wortli something like ten or twelve guineas. A price of four guineas was put on some 
of the more recently printed posters. Therefore patterns of wallpapers might be 
made very valuable if a price was put on them. 

The CffAiRMAN, in closing the discussion, mentioned that Prof. Beresford Pite, 
who once read a paper on the same subject, began by saying he would not 
apologise for the humble nature of his paper, because after all the subject was the 
background of our social life. He (the Chairman) thought that was very true; 
people always had to live with their wallpapers. 

The Royal Society of Arts had a very interesting competition of wallpaper 
design, in connexion with its fortlicoming Annual Competition of Industrial 
Designs, and he hoped that the present lecture might be the means of stimulating 
students to come forward and compete. The Society also had a very interesting 
painters' scholarship called the Berger Scholarship, which, he thought, might be 
taken note of by some of the younger members present. 

The vote of thanks was then put and carried unanimously. 

The Author, in reply, thanked the audience very much indeed for the reception 
which they had given to his paper. He invited them to inspect the various designs 
and blocks which he had brought with him. Regarding the remarks made in 
connexion with collections of patterns, he might say that he was very largely engaged 
on that.himsdf. He had a delightful collection of some of Mr. Horace Warner's 
<jte8igi|8j nidiich he prized as tnuch as any beautiful pictures or etchings. He thought 
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it would be wise on the. part of manufacturers as a body if they prohibited patterns 
going out without any cost. The time involved in getting together a set of patterns 
was enormous. He had been very interested in the remarks made by Mr. Raff6 
concerning colour, in which subject Mr. Ra£f6 was an expert. He had also been 
interested in the remarks made on the time which should be given to selection. 
There were one or two factors determining that. In the average showroom 
when a hundred or more clients were going through the room, time could 
not always be given by the merchant or the manufacturer to deal with the subject 
adequately, and an average selection was made in a haphazard way. He thought 
if salesmen were to devote some time to the study of the subject, and if attention was 
given by the manufacturers to the training of the salesmen and to a real educational 
campaign, such as was now carried on in America, improvement in that respect 
would gradually ceme about. It was noticeable that improvements were taking 
place, and although some of the articles appearing in the Press were inspired, yet the 
attention of the manufacturers to really efficient work in that direction should 
certainly be given. 


OBITUARY. 

Viscount Leverhulmk. —By the death of Lord Lcverhulme, which took place 
at his residence, The Hill, Hampstead, on May 7th, the Society has lost a Vice- 
President and a friend whom it will not be easy to replace. He made his first 
appearance here in 1917, when he spoke in the discussion on a paper by Dr. M. 
Horn on “ The Economic Development of the Belgian Congo." In the following 
year he read a paper himself, his subject being " ‘Zero’ of Capital and Labour," and 
at that time he was elected a Life Fellow of the Society. In 1918 he again spoke, 
the occasion being a meeting called to inaugurate a scheme for the Improvement 
of Industrial Art, a subject in which he took a warm interest, and on which no 
one was better fitted to speak than he, both on account of his knowledge of the 
art of advertising (in its best sense) and because of his natural genius for appreciating 
artistic merit. He was also elected a Vice-President of the Society in •giS, and 
he continued to hold this office, with a brief interval, up to the time of his death. 
Owing to deafness he was not able to attend meetings of the Council frequently; 
but he was always ready to give his advice and assistance when the Council desired 
to consult him, and he was one of those good friends of the Society who started tlie 
fund to purchase its House, his contribution being a thousand pounds. 

William Hesketh Lever was born at Bolton in 1851. At the age of twenty he 
entered his father’s grocery business ; ten years later he resolved to start for 
himself, and opened a grocery shop at Wigan. After five years’ work he sold this 
business for j^6o,ooo. He then decided to strike out on a new line and became a 
soap manufacturer. " Sunlight Soap " came into the world at a little factory in 
Warrington, but by 1888 its success had led to the establishmenl of the great 
works at Port Sunlight, and later on to associated factories on the Continent, in 
Australia, Canada, the United States—in short, all over the world, linked up 
with coconut plauitations on the Pacific, in Africa, and with branch offices 
and agencies everywhere. 

The history of Lord Leverhulme’s rise from humble beginnings to the first rank 
of industrialists is one of the finest romances of British commerce. It has been 
told so often during the last few days that there is no need to repeat the details 
here. His amazing success was due entirely to his own energy and genius. His 
working day began long before most of us thought of getting up, and he made 
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such good use of his time that, however much pre-occupied with business or public 
affairs, he never appeared to- be hustled or overwrought. 

Whatever Lord Leverhuhne undertook was done on a grand scale. His 
magnificence was princely. He presented to the nation Stafford House, with much 
of its furnishings, as a home for the London Museum. Liverpool University 
owed much to him, especially its Schools of House and Town Planning, of Tropical 
Medicine, and of Russian Studies. His native town of Bolton was not forgotten 
by him, and he showered gifts on Port Sunlight, including the Lady Lever Art 
Gallery, in memory of his wife. 

Mr. Lever was created a baronet in 1911, raised to the peerage as Baron Lever- 
jhulme in 1917, and in 1922 advanced to a Viscounty. 


NOTES ON BOOKS. 


Crop Production in India. —K critical survey of its problems by Albert Howard, 
C.I.E., M.A, Oxford University Press, 1924. Pp. 200. los. 6d. net. 

This book is both refreshing and stimulating, inasmuch as the subject is 
approached from an unusual angle. Crop production, that is the high return which 
the cultivator desires, is dependent on the correct adjustment of the plant to the 
environment and especially, as this is the variable factor of the environment, to the 
soil. Root development is, consequently, a matter of primary importance and a 
matter for detailed study. On the one hand is a study of the soil conditions and, on 
the other, the study of root development as a plant character. And, when a critical 
survey of the literature of work on crops is made, it becomes a matter almost of 
amazement how little attention has been devoted to the root and how much to the 
stem. Crop production, therefore, will be best assisted, by the study of root forma¬ 
tion as a specific plant character capable, though possibly with difficulty, of analysis 
and by the study of soil conditions best suited to the particular root formation. 
This central thought find sits full expression in Chapters VI and XIX on the 
Economic Significance of Root Development and Disease in Plants—“ There 
seems little doubt that the most promising method of dealing with disease is by 
means of the plant,** ** varieties differ greatly among themselves in resistance to 
disease ** and ** Resistance to disease can be increased or decreased .... by 
alterations in soil texture.** 

Next in importance to a study of the root, therefore, comes the study of soil 
management and here the key to the position is to be found in soil aeration. ** The 
fuU significance of soil aeration in agriculture is only now being recognised ** 
(Chapter II), and it must be admitted that the importance of this aspect and the 
comparative neglect of this field of study fully justify the insistence laid on the 
subject, even if in the process the point appears to be stressed too much. The 
discussion of this chapter leads up to a consideration of irrigation, the nitrogen 
problem and the alkali problem. 

The majcn* portion of the book consists of a series of chapters on the major crops 
of India each containing a description of the work done by the Agricultural Depart¬ 
ment of India since its establishment by Lord Curzon in 1904 and an indication 
of the problems most urgently awaiting investigation. As has been indicated, 
in tiieae the question of soil aeration is given a prominence which many will consider 
to be more than its due. 

The book concludes with two chapters on organisation, discussing the Ideal 
Investigator and the Organisation under which he can work with best results. 
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Investigation is so much a matter of individual temperament that it seems rash to 
lay down that “ after adequate scientific training the future investigator of crop- 
problems must master the art of agriculture." Were we to have to express an 
opinion, we would say that there is so much in the art of agriculture that is absorbed 
rather than deliberately learned that the best investigator is most likely to be found 
in one who has been bred in agricultural surroundings and learned his science 
later. 

There can be no doubt that work such as it is the whole object of the b<K)k to 
stimulate is liest conducted indirectly and not by direct (Government agency. 
Whether, as is suggested, such a system can be built up in India is perhaps open to 
doubt. 

RAILWAY DEVELcSpMKNT IN NEW ZEALAND. 

In his recent annual Report on the economic and commercial conditions of New 
Zealand, His Majesty's Trade Commissioner in the Dominion states that during 
the last financial year the Minister for Railways made a very complete personal 
inspection of the whole of the State railway system, and his forthcoming Statement 
is expected to lay down a programme for systematic development of the service 
during the next few years. Such a programme in conjunction with a considered 
plan of road development such as is to be undertaken by the newly constituted 
Highway Board will do much to open up new country and prepare the w^ay for the 
extension of closer settlement and more extensive production. Such a development 
might make it possible to permit of immigration on a considerably larger scale. 

The (^vernment has secured the services of two British railway experts to 
enquire into and report upon the organisation and running of passenger and goods 
traffic and matters relating to the mechanical operation of the system, including 
construction, renewal and maintenance of permanent way. It is expected that 
they will be able to make recommendations of great value to the management of 
the railways. The Minister for Railways also has under consideration the question 
of electrification of suburban lines and it is expected that he will shortly make an 
announcement of his proposals for development in this direction. ^ 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesdays:— 

May 20, at 8 p.m.— Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., 
William Sturgeon and the Centenary of the Electro-magnet." Alan A. Campbell 
Swinton, F.R.S., late Chairman of the Council of the Society, will preside. 

May 27, at 4.30 p.m.— ^Thk Right Hon. Sir Alfred Mond, Bt., M.P., 
" The Unemployment Problem." 

Indian Section. 

Friday afternoons, at 4.30 o'clock. 

May 22.—Sir Alfred Chatterton, C.I.E., B.Sc., Assoc.M.Inst.C.E., " The 
Industrial Progress of the Mysore State." Sir Thomas H. Holland, K.C.S.I., 
K.C.I.E., D.Sc., F.R.S., will preside. 

June 12.— ^Brigadier-General Sir Percy M. Sykes, K.C.I.E., C.B., .C.M.G., 
" The Heart of Asia and the Roof of the World." 

Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o'clock:— 

June 18.— Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for 
the Colonies, " East Africa." 
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MBBTINOS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


MoNDAy, May x 8 . .Geomjphical Society, Lowther Lodge, 
Kensington Gore, S.W. 5 p.m. Mr. N. E. OdeU, 
'*Some Geological and Gladological Observations 
of the 1924 Mount Everest Expedition." 

British Architects. Royal Institute of, 0, Conduit Street, 
W. 8 p.m. Mr. G. T. Forrest, " The Architectural 
Development of American Cities.” 

Victoria Institute, Central Buildings, Westminster, 
S.W, 4.3c) p.m. Prof. H. VV. Carr, ** Review of 
Philosophic Tendencies Since Hegel.” 

Mechanical Engineers, Institution of. Storey's Gate. 
Westminster, S.W. 7 p.m. (Graduates* Section.) 

»Mr. P. W. Thomas, ” Some Factors in the Choice of 
the Best S)rstem of Traction for Handling Dense 
Suburban Rail Traffic.'* 

East India Associatum, Caxton Hall, Westminster, S.W. 
linraP fS ta*l^*d£Gangulee, “ The I^blem of 


University of London, University College, Gower Street, 
W.C. 5 pjn. Prof. G. D. Hicks, ” Hegel's 
iEsthetics.” (Lecture II.) 

5.3p p.m. Prof. A. V. HUl and Prof. J. C. Drummond, 
Bio-chemistrv.” (I^ecture III.J 
At King's College, Strand, W.C. 5.30 p.m. Prof. 
R. Dyboski, *' The New Poland.” (L^ture IV.) 

5.30 pjn. Prof. A. Cabrera, ” Prehistoric Paintings 
m Srain.” (Lecture III.) 

At the London School of Economics and Political 
Science, Houghton Street, Aldwych, W.C. 5 p.m 
Mr. P. J. N. Baker, ** The Economki Reconstruction 
of Europe.” (Lecture IV.) 

At Gresham College, Basinghall Street, E.C. 7.30 
p.m. Mr. A. Compton-Rickett, ” Smne W'ritcrs of 
Yesterday and To^y.” 

Lecture IV.), “A, A, Milne and Noel Coward.” 


Tuesday, May 19. .Statistical Society, at the Royal 
S ocuTY OF Arts, John Street, Adelphi, W.C. 5.15 
pjn. Sir Napier Shaw, '* The Wedc or Month as an 
Intermediate Time-Unit for Statistical Purposes.” 
Colonial Institute, Hotel Victoria, Northumberland 
Avenue, W.C. 4 p.m. 


Photographic Society, 35, RusseU Square, W.C. 7 P-m, 
** Ant^pological Institute sa, Upper Bedford Place, 
W.C, 8.13 pjn. Dr. R. Ruggles Gates, ” Mendelian 
Inheritance in Man.” 

Royal Institution, Albemarle Street, W, 3,15 p.m. 
rtof. R. Whiddington, “The Passage of El^tricity 
Through Vacuum Tubes." (Tyndall Lecture.) 

Tr^I^, InsUtute of, at the InsUtuUon of Electrical 
Enebieen, Savoy Place, Victoria Embankment, 
W,C. 5.30 p.m. Mr. W. Clow, ” Goods Train 
Services and Time Tables.” 


Umverdty of London, at King’s College, Strand, W.C. 
5.30 pjn. Rev. Canon B. H. Streeter, ” Primitive 
Cmitcn Order.” (Lecture III.) 

At St. Bartholomew's Hospital Medical College, 
West Smithaeld, E.C. k pjn. Dr. H. H. Dale, 
* C hemic a l Control of Certain Bodily Functions.” 
(Lecture II.) 


Wedwmdav. May 20.. Meteorological Society, 49 
Cromwell RomL S.W. 5 pjn. (i) The late Mr. F. W 
Haimer, and BIr. C. E. P. Brooto, "Further Remark) 
on the Meteorological Conditions of the Pleistoceni 
Ew^.” (a) Sir GB^ T. Walker, "On Periodicity.’ 
J3/Dr. M. Jeffrm "On Fluid Motions produced b] 
Diffexeiices of Tcmperatiire and Humidity.” (4 
Mr. A. H. R. Goldie^ Gustiness of Wind in Particular 
Casea.” 


Geoiogieal Sodety, BnrUngton House, Piccadilly, W. 
5.30 p.m. 


Botanic flociety, Inner Circle, Regent’s Park, N.W. 

3 p.m. Lecture on " The Basic Principles of Cosmic 
. Encounters.” 

University of London, at King's College, Strand, W.C. 

S.30 p.m. Mr. H. W. Steed, "Central Europe, 
Rumania and the Near East.” (Lecture III.) 

At the Lemdon School.of Eccmomics and Pmitical 
Science, Houghton Street, Aldwych, W.C. 5 p.m. 
Mr. R. A. Smith," The Metal Ages in Western Europe.” 
(Lecture II.) " The Early Iron Age ^arly Britisn).” 
At the School of Oriental Studies, Finsbury Circus, 
*i*C. 5.30 p.m. Dr. D. G. Hogarth, "The Origin 
and Character of the Hittite Civilisation.” (Lecture I.) 
Lec.ture II. on May 21. 


Thursday, May 2t..Ix)ndon Society, at the Royal 
Society of Arts, John Street, Adelphi, W.C. 5 
p.m. Mr. W. G. ” The Great Plague of London.” 
Royal Society, Burlington House, Piccadilly, W. 4.30 
p.m. 


Antiquaries, Society of, Burlington House, Piccai^y, 
W. 8.30 p.m. 

Chemical Society Burlingten House, Piccadilly, W. 
8 p.m. (i) Messrs. P. C. Austin and J. R. Park, 
" The Rotator}’ Dispersion of Derivatives of Tartaric 
Acid.” Port II. Acetyl Derivatives. (2) Messrs. 
J. Kendall and J. E. Booge," The Stability of Additive 
ComiMiimds Between Esters and Acids.” (3) Messrs. 
J. Kendall and C. V. King, " Additive Compounds in 
the Ternary System, Acid Ester Water.” (3) Mr, 
J. F. Thorpe," The Nature of Unsaturation in Carbon 
Compounds.” Part 1 . "The Ethylenic Linkage.” 
(5) Messrs. E. H. Farmer, S. W. SwiU and J. F. 
Thorpe, " The Nature of Unsaturation in Carbon 
Ctmpounds.” Part II, " Conjugation (cis-hex»» 
triene).” (6) Mr. H. J. Emel^s, A Spectroscopic 
Study of the Combustion of Phosphorus Trioxide and 
of Phosphine.” (7) Messrs. E. L. Holmes and C. K. 
Jngold, " The Nature of the Alternating Effect in 
Carbon Chains.” Part III. " A Comparative Study 
of the Directive Efficiencies of Oxygen and Nitrogen 
Atoms in aromatic substitution.” 


Mining and Metallurgy, Institution of, at the Geological 
Society, Burlington House, Piccadilly, W. 3.30 
p.m. ‘ 

Royal Jnstitutbn, Albemarle Street, W, 3.13 p.m. 
Prof. F. O. Bower, " The Natural Clusincation of 
Ferns.” (Lecture I.) 

Constructive Birth Control and Racial Progress, Society 
for, Essex Hall, Essex Street, Strand, W.C. 8 p.m. 
Prof. A. M. Carr-Saunders, "The History of the 
limitation of Numbers.” 


University of London, University College, Gower Street, 
W.C. 5.15 p,m. Prof. J. E. G. & Montmorency, 
" African Customary Ijiw.” (Lecture III.) 

5.30 p.m. Prof. A. Cabrera, " Prehistoric Paintings 
m Spain.” (Lecture IV.) 

6.30 p.m. Dr. O. Vocadlo, "The Czccho-Slovak 
Republic To-day.” (Lecture V.) 


Friday, May 22..Ro^ Institution, Albemarle Street, 
W. 9 pjn. Dr. T. M. Carpenter, " Metabolic of 
Bfan and Animals.” 

Pbotogiaphic Society, 33. Russell Square, W.C. 7 p.m. 
Mr. G. J. T. Wauord, " The Photography of Ar^ 
tecture: a Thrice-Told Tale.” 

University of London, at St. Bartholomew's Hospital 
Medical College, West Smithfield, E.C. 3 p.in« 
Dr. H, H. Dale, " Chemical Control of C^tain B(^y 
Functions.” (Lecture 111 .) 

Physical Society, at the Imperial College of Science, 
South Kensin^,S.W. 3 pjn. Prof. L. S. Omatein, 
" The Intensity of Spectral Linea-Measureinent and 
Theory.” 

Saturday, May 24. .Royal Institution, Albemarle Street, 
W. 3 p.m. Rev. B. M. Walker," Domocraoy in the 
Ancient World.’* (Lecture I.) 
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NOTICES. 


NEXT WEEK. 

Wednesday, May 27th, at 4.30 p.m. (Ordinary Meeting.) Rt. Hon. 
Sir Alfred Mond, Bt., M.P., “ The Unemplo3rment Problem.” Sir Robert 
A. Hadfield, Bt., D.Sc., F.R.S., will preside. 


TWENTY-FIRST ORDINARY MEETING. 

Wednesday, May 13th, 1925. (Joint Meeting of the Royal Society of 
Arts, the Royal Aeronautical Society and the Anglo-Batavian Society.) 
Major-General Sir Frederick Sykes, G.B.E., K.C.B., C.M.G., M.P., in 
the Chair. 

I 

The following candidates were proposed for election as Fellows of the 
Society:— 

Hooper, Lewis John Eric, London. 

Krause, Dr. Heinrich, Chicago, Illinois, U.S.A. 

Plummer, William Thomas, London. 

The following candidates were duly elected Fellows of the Society:— 

Fry, Ambrose, Liverpool. 

Horstsmann, £. H., Bath. 

Jain, B. Trilok Chand, Meerut, India. 

Lewis, Walter Basil, Liverpool. 

R#bertson, R., Beckenham, Kent. 

Smk, Peter, J.P., Southport, Lancs. 

Wallis-Whiddett, Frederic George, London. 

A paper on The Non-Stop Flight to the Netherlands East Indies " was 
read in English by Mr. Thomassen A Thuessink van der Hoop. 

The paper and discussion will be published in a subsequent number of the 
Journal. 
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PROCEEDINGS OF THE SOCIETY. 


DOMINIONS AND COLONIES AND INDIAN SECTIONS. 

.. (Joint Meeting).' 

Thursday, April i6th, 1925. 

Sir Charles Campbell McLeod, Bt., in the Chair. 

The paper read was:— 

THE BRITISH EMPIRE EXHIBITION. 

By The Lord Stevenson, G.C.M.G., 

Chairman of the Board of the Exhibition. ^ 

You have, I take it, all seen the British Empire Exhibition. You have all 
read reams about it in the Press of the world. Some people aver that the 
Exhibition was not properly advertised. We spent in advertising ;^i20,ooo, 
and the Publicity Controller tells me that over 200,000 press cuttings concerning 
it were collected. It is, you will agree, a colossal record, not confined to pub¬ 
licity for an Imperial Exhibition but extending, as valuable propaganda for a 
great Imperial idea, the unity and development of Empire. That was the great 
idealistic aim of the men who originally conceived the project. Few of 
them, I regret to say, survived to see the tumstUes clicking. 

It has been said often that the British Empire Exhibition of 1924 was out to 
show the resources of the British Empire. Great as it was—and I claim it 
was great in the true sense of greatness—^it never, in my opinion, did anything 
of the sort. Just as we have, as an Empire, only scratched the surface of our 
heritage, so did the Exhibition but dimly portray the boimdless possibilities 
of our Empire as it exists. The Exhibition never had enough money to do 
otherwise. If one-tenth of the annual sum spent upon the dole had been given 
to a responsible body to oiganise and run an Empire show, I venture to say that 
the unemployment problem would not stand where it does to-day. Most of you 
will, no doubt, have noticed that His Majesty's Government have recently 
set up an Empire Development Committee for the purpose of considering the 
best means of spending a million pounds a year on the development of the 
trade of the Empire. I feel sure that had the British Empire ExMbition never 
been mooted and never been held this Committee would, after considerable 
deliberation, have recommended an Exhibition as one of the first objects to 
attain their end. Incidentally I should like to mention that the Canadian 
Government have a permanent Exhibition Department of State and hold an 
Exhibition every year in Toronto. 

As I have said, reams of matter have been written concerning the British 
Umpire Exhibitiim, and its educational advantages have been vddely accepted. 
In wondering how b^t I could interest you in a novel way and avoid catching 
a^;p«i upon the tatters of a threadbare theme, I have come to the conclusion 
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that probably you will appreciate the Exhibition more fully if I attempt to-day 
to show you its growth and its development. 

Before, however, dealing with the present let us have a look at the past. 
I think it not inappropriate to show you a view of the Exhibition held in Hyde 
Park in 1851 in which Her late Majesty Queen Victoria and her Consort, Prince 
Albert, took such a keen interest. The whole of the 1851 Exhibition covered 
a total area of 26 acres. At Wembley the Palaces of Industry and Engineering 
alone covered 25 acres. I am happy to feel that the interest of the Royal 
Family in this form of presentment of Empire was maintained in Wembley by 
His Majesty King George, and that this interest has been extended to the coming 
Exhibition. In just over three weeks from to-day—Saturday, May 9th—His 
Majesty the King, accompanied by Her Majesty the Queen, will reopen the 
Exhibition. 

It is, I am sure, the earnest wish of all loyal citizens that His Majesty’s sojourn 
in the Mediterranean will have fully restored him to health. 

The idea of the Exhibition first matured in 1913 in the fertile brain of that 
great Empire builder the late Lord Strathcona. It received general favour but, 
like many other projects, was cast into the shade by the advent of the Great 
War. It was not until 1919 that the project was again taken up; then it was 
taken up enthusiastically. The Prince of Wales, who ultimately became our 
President, and is now one of our patrons, took a keen interest in the proposed 
Exhibition, and in June, 1920, he sent a letter to a meeting of those interested, 
held at the Mansion House, announcing that he had agreed to extend his 
patronage to the undertaking. 

An Exhibition when first planned is generally thought out with a piece of 
paper and a pencil. I should like at this juncture, for the benefit of the people 
who come after and who plan Exhibitions in the future, to say that to my mind 
one of the outstanding lessons of Wembley, so far as the construction of an 
Exhibition is concerned, is that it did not have a road completely round it. 
I would submit to the architects of the future that one of the main essentials 
is to lay out an Exhibition more or less on the lines of a cart-wheel with spokes 
leading up to the hub and a complete road running right round it. In the 
present case, new roads had even to be built on the only side of the Exhibition 
available for roads and the picture on the screen shows this work in progress 
shortly before the Exhibition opened. 

Having decided upon your Exhibition, the first thing to do is to find the site. 
Wembley was chosen, chiefly from the point of view of the rail transport of 
passengers, it being more suitable than any other available site within easy 
distance of the Metropolis, in that it is possible for an excursion train to travel 
from any town in Great Britain direct to either Wembley or Wembley Hill 
Statims without a change. As it turned out, probably no other site would have 
been as suitable, for, apart from transport, the Exhibition as originally jdanned 
in Z921 would have covered caily an area of 67 acres, but the great enthusiasm 
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of die Dominions and Colonies was such that little by little the surrounding 
country was incorporated in the scheme until the full extent of 2i6 acres now 
occupied was reached. This extension would have been quite impossible on 
other prospective sites. You will recollect that the acreage of the 1851 Exhibi¬ 
tion was 256 acres all told. To illustrate better the extent of 2x6 acres you see on 
the screen an outline plan of the Exhibition superimposed over a map of London 
to the same scale. You will notice here that Marlborough House at the end of 
Pall Mall synchronised with the South West Entrance and that the Savoy Hotel 
comes within the Eastern boundaries of the Exhibition. Also, the ExUbition 
from South East to North West stretches from a point neqr Waterloo Station 
to the Piccadilly Circus end of Ha3nnarket. You also notice, by comparing 
the Palace of Engineering with the adjacent outline of Trafalgar Square, that 
the former is nearly six times the size of the latter. 

My next picture gives you an idea of what the site was like. This picture, 
which you wilt agree is not unsightly, is a view looking towards the North-west 
Entrance as it was before work on the Exhibition was commenced. Against 
the tree on the left, which is still in the courtyard of what was the LucuUus 
Restaurant, were photographed many distinguished people during the course 
of last year’s Exhibition. Incidentally, I may remind you that the LucuUus 
Restaurant this year is being turned into the Wembley Garden Club, which it 
is hoped wiU prove a great added attraction. Information regarding the 
Clnb and forms of application for membership are now being distributed, and 
I would strongly uige those who wish to participate in its benefits to hurry up 
and enrol as members. 

You wiU now see the North-west entrance as it appeared in its completed 
state. 

The next few pictures wiU, I think, give jrou a very vivid impression of the 
sites on which some of the main buUdings were erected. First is the site of the 
Palace of Engineering ; next the Palace of Industry; here is the site on which 
the attractive Canadian exhibit appeared; and now you see the site of the 
impressive Australian PaviUon. I am sure you wiU agree with me that it is 
very ^fficult to realise that, on sites like these there grew up “ Wembley,” a 
nan:e which in the minds of miUions of people, both young and old, is associated 
only with stately buildings representing the extent and resources of the British 
Empire. In fact, to the great majority of the 17’millions of people who visited 
“ Wembley ” it is the only Empire they know. 

Actual working operations b^;an in January, 1922, with the cutting of the 
first sod by His Royal Highness the Duke of York, who, I am glad to say,; 
has accepted the Presidency of the Exhibition this year in place of his brother. 
His Royal Highness the Prince of Wales, vdro is absent from England on an 
Empire missicm. 

Havii^ Shoem you the sites, I think I carmot do better than continue now 
.ildA'iwAuies diowing theivcigress of certain of the main buUdings and portions 
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of the grounds. I will take first of all the Stadium. From the engineering 
point of view, the only possible site for the Stadium was on top of the hill, 
as only at that elevation could the excavated bowl be sufficiently drained. 
The position was also influenced by the necessity of reducing the amount of 
digging and surplus earth to a minimum, and in the general lay-out the main 
buildings are exactly calculated so that the necessary excavation into the hill 
on one side balances the amount of earth required for building up the floors on 
the lower level. 

This picture shows the first excavations of the Stadium, and gives a very 
good idea of the work that had to be carried out before the Stadium was complete. 

Now comes an aerial view of the golf course on which the Exhibition was 
built, showing the early work on the Stadium in progress. 

The next picture is an aerial view of the progress of work on the Stadium, 
and it clearly shows the surrounding country, consisting of nothing but fields 
on which the Exhibition was built. 

Specialists from Kew Gardens were able to transplant trees, old as they were, 
and many 40 feet high with a ton or two of soil attached, to different sections 
of the grounds, where they are flourishing to-day as though they had never 
known what transplanting was. This is a picture of one of the huge trees being 
transplanted from the site of the Stadium. 

Here is a massive derrick for hoisting steel girders into position. 

You will now see the huge amphitheatre, designed to accommodate 125,000 
spectators, in course of construction. 

Here is a picture of the Grand Stand taking form. 

Before, of course, such a building could be used for its intended purpose, the 
stands and terraces had to be submitted to severe tests, and I now show you the 
methods followed in carrying out these tests. 

This slide shows a load of 300 tons on a section of the stands with a body of 
men who performed various evolutions such as marking time and jumping in 
unison. 

The picture following gives you some interesting details of the materials 
used in the construction of the Stadium. 

Some critics stated that the Stadium is more like a fortress than a sports- 
ground. I must confess 1 am inclined to agree with that view, and without 
disparaging the architectural beauties of the Stadium, I think the picture shown 
certainly gives the impression that there is some truth in the suggestion. I 
would, however, point out that a good deal of this fortress effect results from 
the alterations wUch the authorities insisted upon being carried out after the 
Football Cup Final in 1923, when over double the number of spectators at any 
previous Cup Final attempted to gain admission. One point regarding the 
Stadium which has always caused me some amusement is that nearly all its 
entrances are marked Exit Only." Before I leave the Stadium I must show 
you a scene of the opening ceremony performed by His Majesty the King last 
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year, which I think, everybody is agreed was one of the most impressive cerer 
monies ever held. It is said to be a sign of the times that a considerable 
proportion of the public are ever seeking a new thrill. To those, in search of 
that experience, I would tender this advice : Do not be absent from the Stadium 
on May 9th. 

We now come to the lake. This view shows the commencement of work on 
the lake. The ornamental lakes between the Stadium and the main buildings 
were also determined from their usefulness. It is obvious that when a piece 
of virgin country is turned into buildings and roads, the rain water falling 
upon them comes off at a very much greater speed than formerly, and as the 
eniiire rain water from the Exhibition buildings has to be finally discharged into 
the brook at the bottom of the hill, it was necessary to provide a reservoir 
halfway, in order that flooding should not occur in sudden stress. The rain 
water from the Stadium and the buildings south of the ornamental lakes 
discharges into the lakes, which are so arranged that they rise g'" before they 
begin to overflow into the rain water cistern which discharges into the brook, 
and thus the water from any sudden thunderstorm is taken first to the lakes 
and ultimately into the lower plains. There are, therefore, definite engineering 
reasons for the Stadium being on the hill, the lake at the foot of the Stadium, 
and the main buildings on the plain. 

You will see here excavation work being carried out on the lake with a close 
view of the steam navvy performing its fxmetion of lifting over half a ton of 
earth at each “ bite," 

Finally there are five pictures shewing a large number of visitors enjoying 
the peacefulness of the completed lakes. 

I will now take you to the Main Avenue looking from the lake towards the 
North-west Entrance. In this picture, showing the commencement of work on 
the Main Avenue, I would draw your particular attention to the telegraph post 
in the middle of the picture. 

These next pictures show the progress month by month. You will notice 
the same telegraph post in each picture, but each month more and yet more 
buildings have grown up around it. 

This picture shows you the progress reached on the Main Avenue towards 
the end of the month of February, two months before the opening. It is ap¬ 
propriate that in accordance with the well-known Wembley weather we should 
see snow Ijdng on the ground. The picture very faithfully portrays the appear¬ 
ance of the Exhibition at that particular time when I went down to see it, 
accompanied by the then Colonial Secretary, the Right. Hon. J. H. Thomas. 
We were all anxious as to the possibility of having the Exhibition ready in 
time for the opening, and Mr. Thomas, like many others, put the question— 
" Is this Exhibition- going to be opened this year or next year ?" To the 
iminitikted the picture shown might well warrant such a query, but with the 
optimistic outlook which has always been one of the chief supports of my life 
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I replied “ Why, this year of course.*' If I had only had enough vision I 
might have said “ Both.*' The next two pictures show you the progress 
on the Main Avenue in the intervening period up to the opening, and you will 
see the post still in the foreground. I will conclude this section with a view 
of the. Avenue as it appeared on the appointed opening day, and for the first 
time the post is gone. 

We will now turn to the Palaces of Industry and Engineering. 

As loads on the floors up to 3 tons were necessary, timber flooring for these 
buildings was ruled out. Instead, the type of construction adopted was a 
floor in which concrete slabs were supported by 14-inch brick piers on 8' 4!* 
centres in all directions. The brick piers were built before the filling was 
adopted, and when the filling reached the top of a pier the slab was immediately 
cast on the filling. This picture shows you the piers prior to the filling up with 
earth and the laying of the slab floors. The stone slabs having been laid the 
pillars of the building were built in the form of wooden moulds, the cement being 
poured in around the steel reinforcing rods. Here is shown this method of 
construction in progress. The next picture shows the supports of the roof being 
placed into position. From the last picture to the one you now see a month 
has elapsed, and you will observe the progress made. 

Next I show you the Palace of Engineering as it was on the nth November, 
1923, when completed and handed over by the contractors to the Exhibition 
Authorities. Here is the Palace of Industry as it appeared during the Exhibi¬ 
tion. Now comes the Palace of Engineering at the same time. 

In this picture, showing the Power Station, you will notice one of the over¬ 
head travelling cranes erected in the Palace of Engineering for the purpose of 
handling exhibits up to 25 tons. The crane gantries, which are of a length of 
900 feet, are broken at intervals by expansion joints, which many people have 
thought to be cracks through defective workmanship, and observation has 
shown these expansion joints to be acting most satisfactorily. The cost of 
the gantries in concrete was half what it would have been in structural steel. 
Five cranes of this type were erected in the Palace of Engineering and the total 
tonnage handled during 1924 amounted to 8,000 tons. 

Here, I would also mention a fact realised by very few^ visitors, namely, 
that in addition to these cranes another method of transporting heavy exhibits 
is a series of railway tracks directly connected with the main-line railways 
and running under the floors of both Palaces of Industry and Engineering. 
These tracks were of tremendous value in bringing heavy exhibits into the 
Exhibition, and are always available for immediate use merely by raising a 
wooden floor covering. There are over three miles of these railway tracks always 
within the Exhibition, open or shut. 

I cannot leave these Palaces without referring to the Palace of Arts, situate 
in the South-west comer of the Palace of Industry. 

The admissions to the Palace of Arts proved the great public appreciation of 
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the representative show of the arts of the United Kingdom and of the Dominions 
which was there staged ; 2,197,920 persons passed through the turnstiles, and of 
these 1,617,556 visited the Gallery of the Queen’s Dolls' House. The 
Exhibition was able to hand over to the Committee of the Queen's Dolls’ 
House no less a sum than £38,764 5s. 3d. Next to the Dolls' House the most 
popular feature was the impressive Basilica, with its six side chapels, each of 
which represented a different note in mbdem church design, while the great 
decorative picture of “ Service and Sacrifice ” by A. K. Lawrence over the main 
altar marked the vigorous school of decorative painting which England has 
developed during the last few years. 

I In the art of the home the Period Rooms, representing 1750, 1815, 1832, 
1888 and the fu'esent day, were also immensely appreciated by the public. 

In turning to the participation of the Dominions and Colonies, I think it 
will be better if I show you pictures of the magnificent Pavilions which, no 
doubt, you haVe all seen yourselves. 

We will take them in the order in which they would be visited after leaving 
the Palace of Arts. 

Immediately at the west end of the lake we have the imposing Pavilion of 
New Zealand, with, at the south end, the Mata-Atua or Maori House, and on 
the north end the Samoan Fale. 

Next to New Zealand we have the striking Pavilion of Malaya, with its striped 
yellow and white colouring, one of the most picturesque buildings in the 
Exhibition grounds. 

Facing Malaya is the huge Australian Pavilion, which covered an area larger 
than Ol3unpia. 

Continuing down the same side of the lake we have the handsome buildings 
of Canada, with the two small Pavilions of the Canadian Pacific Railway 
and Canadian National Railways. The leirgth of these buildings, together 
with Australia, is equal to the distance from Charing Cross Bridge to Westmin¬ 
ster Bridge. 

At the far end of the lake we have the Indian Pavilion, built in the 17th century 
Mogul t3q>e. I have no hesitation in saying that the view of the Indian Pavilion, 
looking down the lake from the far end, is one of the most beautiful which has 
ever been staged in connexion with any Exhibition. 

On the opposite side from India, and facing Canada, is Burma, modelled on 
the lines of a Burmese Royal House, and surmounted by seven-roofed spires. 
'The Bridge House, a most attractive gem of architecture, reproduces the 
western gate of the Arakan Pagoda at Mandalay. 

The South African exhibits were housed in the replica of an old Dutch 
House, whilst the provinces of West Africa ^ow for their exhibit a walled 
dty built of red clay, in imitation of one of the ancient Scandinavian castles 
on the Gold Coast. This, I think you will all agree, is a unique feature of the 
£xliibiti(m,- and adds variety to the exhibits. 
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Malta recalls the fortresses which Knights of St. John were wont to occupy 
in the ^e of chivalry. 

East Africa, which included many Colonies, from the Sudan to Zanzibar, 
was based upon an old African model. 

The- Bermuda Pavilion was an exact reproduction of " Walsingham,'* the 
old home of Tom Moore, the Irish poet. 

Lord Stevenson then showed views of Newfoundland, Palestine, Fiji, Ceylon 
and the West Indies. All the foregoing Pavilions, he continued, are representa¬ 
tive of the characteristic architecture of the different countries. 

Hong Kong took the unique form of a street of that city. A feature of this 
street was the silkworm farm, where the life of the silkworm from life to death 
could be followed. This required continuous attention and a staff was on 
duty night and day to feed mulberry leaves to the worms every two hours. 

We now come to His Majesty's Government Pavilion, which, I am sure you 
will agree is a most stately building, housing some exceedingly interesting 
exhibits. 

It is worthy of note that the lions in the foreground were constructed of 
ferro-concrete for the first time. 

The illustration following is one of what has often been called Old London 
Bridge." It is not really a representation of the Old LondonBridge, but merely 
an old London Bridge. 

The next slide shows how we looked after the children in a Day Nursery. 

We are now on the edge of the Amusement Park, and the next few slides will 
give you some idea of the more exciting amongst the attractions collected to 
amuse the patrons. 

The Never-Stop Railway was a unique feature in the transport of the Exhibi¬ 
tion, and is a system which may in future be used to cope with some of our 
transport difficulties outside Exhibitions. Owing to the many technical dif¬ 
ficulties to be overcome, this railway was considerably late in coming into 
operation, and, as a result, it earned the nickname of the"Never-start Railway." 

These little railodok cars were extremely useful for transporting visitors 
around the grounds. To conclude, 1 am showing you two aerial views 
which will give you an idea of the vast expanse of the Exhibition 
as a whole. These pictures bring back to my mind the story of the boy who, 
accompanied by his father, stopped to look at an exhibit. His father turned 
round and said " Come on, come on; we can't wait about." The boy 
replied, " But father, I want to see this." " Come on," said the father, 
" that may be; but how do you think we are going to get round this Exhi¬ 
bition if you stop to look at anything ?" 

I have endeavoured with the aid of these illustritions to give you some idea of 
what Ae building and oiganising of an Exhibition really means. Of the nutny 
dUifficuities I have not spoken. The building of Wembley was the building of 
a huge new dty. That it was a beautiful city, no one denies. -Ite beau^ 
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are still there; in point of fact they are enhanced. No one can dimly appreciate 
the wonderful heritage that has been handed down to the citizens of the Empire 
who does not visit it, who does not study it, who does not each in his o\^ in¬ 
dividual capacity, according to his ability, do what he can to extend his know¬ 
ledge of what it stands for. Believe me, with a knowledge of Empire fostered 
by imique opportunities of knowing what it is and what it stands for, and how 
thin is the thread which holds it together. I cannot conclude without 
expressing the earnest wish that each of us will pledge ourselves to do our 
utmost to cement and bind together in a stronger strain the feelings, the 
s^timent and the give and take necessary to ensure that our great Empire 
heritage will go on and prosper, not only for the benefit of the citizens of the 
British Empire, but for the outstanding development of civilisation itself. $ 


DISCUSSION. 

The Chairman (Sir Charles C. McLeod), remarked that the usual thing to do 
in opening a discussion on a paper which had been read was to start by criticising 
it. He was afraid, however, that he was not capable of criticising anything which 
had been said by Lord Stevenson that afternoon. It was often said that five 
minutes' conversation was better than reams of correspondence ; and he ventured 
to think that the three-quarters of an hour which the reading of the paper had 
occupied that afternoon, together with the slides which had been thrown on the 
screen, had shown those present the work of two years in a way which could not 
have been otherwise possible even if one had spent almost every day at the 
Exhibition. 

A great deal was due to Lord Stevenson. Pet^nally he was bold enough to 
say, because he knew what he was talking about, that if Lord Stevenson had not come 
on the scene at the time that he had, it would have been very doubtful if there 
would ever have been an Exhibition ; and he was quite certain that there would 
never have been the Exhibition which had been presented in 1924. 

The Exhibition was going to be opened again on the 9th May this year. Although 
Lord Stevenson had not said anything about the 1925 Exhibition, he thought 
the country might look forward to seeing an Exhibition even more complete and 
brighter than last year’s Exhibition. 

What the 1924 Exhibition had done in many directions was incalculable. It 
had brought people from Overseas into contact with their friends and relations in 
the Motherland, which could not have been done in any other way. He hoped that 
that feature would be accentuated in the present Exhibition. It was a great 
disappointment to the authorities that India and Burma were not to be represented 
this year. 

All that was required to make the Exhibition of 1923 a great success were plenty 
of visitors and fine weather. 

Lord Askwith, K.C.B., K.C., D.C.L., on behalf of the Council of the Society and 
those present, thanked Lord Stevenson for his paper. The Royal Society of Arts 
had always taken a great interest in Exhibitions. It had run the first great 
Exhibition ever held ii^ this country, namely, the Exhibition of x85r. A year and 
a half ago, in his Inaugural Address as Chairman of the Council of the Sodety, he 
had a sketdi, whlch^could be read in the Journal, of Exhibitions up to that 
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period, of what had been achieved by them and of certain mistakes which had been 
found out in the course of experience. Lord Stevenson that afternoon had gone on 
with that sketch by showing what Wembley had done. He had shown 
those great buildings in their making, and the difficulties which had had to be 
overcome in order to produce the wonderful results which had been presented. 
Those results in many wa3rs had surpassed. all expectations. There had been a 
vast number of visitors, and the accounts which they had carried to their various 
homes would, no doubt, lead to still vaster numbers attending the 1925 Exhibition. 
At any rate, it had had the most wonderful effect in arousing in many minds a 
knowledge of what the British Empire was, and what it could produce. The object 
of an Exhibition of such a kind was not for mere amusement, but for instruction and 
publicity and realisation of facts, and he thought when the accounts of 
Lord Stevenson’s address appeared it would be brought home what the Exhibition 
had taught and could teach, and what it meant to the Empire at large. 

It was a very fortunate and happy decision of the Government again this year 
to give their support to the Exhibition of 1925. He could assure those present that 
the 1925 Exhibition would contain a great many novel and interesting features, 
and that there would be a great deal more there in many directions than there had 
been in 1924. Those who went this year would not see merely a rehash of the 1924 
Exhibition, but they would see many additional novelties. 

Attached to the Exhibition was the possibility of becoming a Fellow of the Empire 
Exhibition, or, if one found that too expensive, one could become an Associate at a 
fee of 5s., on application to the Fellowship Committee at i 5 , Grosvenor Gardens, 
London. Various advantages were given to Fellows and Associates, and from a 
portion of the funds thus obtained scholarships would be given which would 
enable people in the Dominions to come to this country and for persons in this 
country to go to the Dominions. Those scholarships would be distributed from 
time to time to suitable persons. Therefore, every one who became either a Fellow 
or an Associate of the Empire Exhibition would be aiding young people to 
become Empire missionaries between this country and our great Empire, and 
assisting in the promulgation of that desire which Lord Stevenson had expressed 
in the last words of his address. 

Mr. H. a. F. Lindsay, C.B.E., I.C.S., Indian Trade Commissioner, in endorsing 
the motion, said as India was not to be represented at the Exhibition this year, it 
would be audacious on his part to detain the meeting very long. Therefore, the 
tenor of his remarks would be rather in retrospect than in prospect. 

He would like to say first that the commercial results of the 1924 Exhibition, so 
far as India was concerned, had been excellent. A visitor to the Indian Pavilion 
would have been struck first with the Arts and Crafts exhibits which had formed so 
large a proportion of the whole exhibit. Before the Exhibition the art and craft- 
ware of India had not been so well known as those connected with India would have 
liked it to be, but he was glad to say that as a result of the Indian e^ibit there 
had been firmly established in this country a taste for Indian art and craft-ware. 
The retail sales made at the stalls at the Exhibition last year of Indian art and 
craft-ware l&ad amounted in all to Those had been only retail sales, and 

they h ad been accompanied in very many instances by extensive orders placed with 
the manufacturers in India. A further advantage had been that the manufacturers 
in India had learned the taste in this country and the real requirements and demands 
which had to be met, and in more than one instance London offices had been opened* 
All that had resulted from the basis which had been laid last year. ’ 
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In addition to the arts and crafts there were, of course, the general staple products 
of India organised in strong associations such as the London Jute Association, the 
East Indian Cotton Association, the Indian Tea Association, and many others. It 
was commonly held that the merchant was a gentleman who sat rather above the 
arena of commerce, and did not have to enter the lists in the same way as the manu¬ 
facturers, who were always competing with each other and cutting each other’s 
ihioats. It was thought that a merchant talked largely and thought largely in lakhs 
of rupees. Sir Charles McLeod would beaf him out when he said that the mercl ant 
thought very largely in sixteenths or thirty-seconds of a penny, because a thirty- 
second of a penny might make all the difference between a profit and a loss. 
The merchants had been chiefly represented by Associations, and India had also 
benefited by last year's Exhibition from the fact that the Associations represented 
had gained in knowledge of the requirements of the Home country, and had certainly 
extended their business. If India was not exhibiting oflicially in 1925, she yet 
wished that Exhibition the very heartiest success, and trusted that ^he 
Pavilion, which was still standing, would receive plenty of unofficial support. 

Professor A. W. Bickerton said he desired to plead with those present to 
become Fellows or Associates of the Exhibition. He himself had benefited very 
much by the funds from the 1851 Exhibition, which he had visited and which he 
remembered perfectly well. He had also visited most of the other Exhibitions, 
including two Paris Exhibitions, and had spent 40 years in New Zealand. When he 
was in that country three of his students had obtained scholarships from the 1851 
Exhibition, one of those students being Sir Ernest Rutherford, who had spent five 
years in his laboratory. If it had not been for those scholarships he very much 
doubted whether Sir Ernest Rutherford would have come to England and done 
the work which he had done. It was because of the benefit of such scholarships 
that he pleaded for those present to be Fellows or Associates of the Exhibition. 

The vote of thanks was carried unanimously. 

Lord Stevenson briefly acknowledged the resolution and the n.eeting terminated. 


GENERAL NOTE. 

Steel Industry for Tasmania.— It is reported by the United States Assistant 
Trade Commissioner at Melbourne that a recently formed company will erect a steel 
plant near Bumie (Tasmania) to manufacture iron and steel goods for export. 
Crude ores will be treated in separate smelters to be built adjacent to the steel works. 
The iron-ore deposits of the Hampshire district, which are to furnish the supply, are 
said to be among the richest in the world. The large quantities of limestone in this 
district wiU supply flux for the furnaces. The plant will be served by the Emu Bay 
Railway Co., which runs close to the deposits at Hampshire, 20 miles from the port. 
Negotiations have been entered into with the Tasmanian hydro-electric department 
to secure power and such coal as will be necessary. It is anticipated that about 
40,000 horse-power of electric current will be available for use within 12 months. 


MEETINGS OP THE SOCIETY. 


Ordinary Meeting. 

Wednesday. May 27, at 4.30 p.m,— The Right Hon. Sir Alfred Mond, 
Bt, M.P., "The Unemployment Problem.'" Sir,Robert Abbott Hadfield, 
Bt., D.Sc., F.R,S., ^vill preside. 
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Indian Section. 

, Friday, June 12, at 4.30 p.m.— Brigadier-General Sir Percy Sykes, 
K.C.I.E., C.B., C.M.G., “ The Heart of Asia and the Roof of the World." 


Dominions and Colonies Section. 

Thursday, June 18, at 4.30 p.ni.—H on. W. G. A. Ormsby-Gore, M.P., 
Under Secretary of State for the Colonies, " East Africa." 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Monday, May 25..Glass Technology, Society of, at the 
Royal Socikty op Arts, John Street, Adelphi, 
W.C. 7.30 p.ia. (i) Prof. W. E. S. Turner, "The 
Nature and Constitution of Glass." (2) Prof. G. 
Tammann, " On Gla-ssas as Supercooled Liquids." 
(3) Dr. F. Eckert, " Some Remarks <in the Con- 
stitutkm of Glass." (4) Dr. A. Q. Tool and Mr. 
E. £. Hill, " On the Constitution and Densitv of 
Glass." (3) Prof. H. Lc Chatelicr, “ On the Viscf)>lly 
and Allotrophy of Glass." 

Chadwick Public Lecture, at the Royal Society of 
Medicine, x, Wimpole Street, W. 5.13 p.in. Dr. 
£. Brumpt, " How to Conduct an Anti-Malarial 
Campaign." 

Philologie, Sciences et Beaux-Arts, Socift6 de, Cirav’s 
Inn Hall, Gray’s Inn, W.C. 3.30 p.m. Sir D. 
Plunkett Barton, " Links between Shakespeare and 
the Inns of Court." 

Architectural Association, 34, ^Bedford Square, W.C. 
8 p.m. 

Geographical Society, 135. New Bond Street, W. 

8.30 pan. Mr. F. K. Ward, " Through the Gorge 
of the Tsangpo." 

University of London, University College, Gower Street, 
W.C. 3 p.m. Prof. G. D. Hicks, " Hegel’s 
^tbetics." (I^tur6 III.) 3.30 p.m. Prof. A. V. 
Hill and J. C. Drummond, " Biochemistry." (Lecture 
IV.) 

At King's College, Strand, W.C. 3.15 p.m. Prof. 
G. H. Macurdy, “ Great Macedonian Women.” 

3.30 pjn. Prof. R. Dyboski, " The New Poland." 
(Lecture V.) 

At the London School of F.conomirs and Political 
S(^ce, HoughtOh Street, Aldwych, W.C. 5 p.m. 
Mr. P. J. N. Baker, "The Gene^ Economic Work 
of the Technical Organs of the League of Nations." 
At the London Training College, Southampton 
Row, W.C. 3.30 p.m. Dr. G. Dystm, " The 
Evolution of Instrumental Music." (Lecture II.) 
At the Imperial College, Roval School of Mines, 
Prince Consort Road, South Kensington, S.W. 
3.15 p.in. Prof. Dr. F. A. F. Went, " Modem Con- 
ceptiems of Light Stimuli in Plants." 

At Gresham Cdl^ Basinghall Street, E.C. 6.15 p.m. 
Mr. A. Compton-Rickett," Some Writers of Yesterday 
and To-day—Gilbert Keith Chesterton." 


Tueiday, May 26..Glass Technolofy, Society of, in the 
Chemistry Theatre, University C^ege, Gower Street, 
W.C. a.30 pjn. (i) Sir W. H. Braag, "The 
Structure of Quarts and Silica." (s) Mr. V. H. 
Stott, "The Viscosity of Glass.’* (3) Dr. G. VV. 
Morey and Dr. N. L. Bowen, " The Mdting Relations 
of tM Soda-Ume-Silica Glasses." (4) 1 ^. A. A. 
Lebedefif, ** Polymorphic Transformations in Glass/' 
G. W. Morey and Dr.JR. VV. G. VVyckoflf, 


[-Ray Studies of 


Glasses." 


Glass Painters, British Society of Master, at the Art 
Workers* Guild, 6 , Queen Square, W.C. 3 P”^* 


Annual General Meeting and Exhibition Of Cartoons 
of Stained Glass. 

Photographic Society, 35, Russell Square, W.C. 7 p.m. 

Mr. H. C. Brewer, " The Pattm of ^the Picture.” 
Rcn’al Institution, .Albemarle Street, W. 3.13 p.m. 
l^f. R. Whick^gton, " The Passage of Electricity 
through Vacuum Tubes." (Lecture 11 .) 

University of London, at King's College, Strand, W.C. 

5.30 p.m. Rev. J. K. Mozley, "The Doctrine of 
God." (Lecture 1 .) 

At the Institute of Historical Research, Malet Stieet, 
W.C. 5.30 p.m. Mr. R. F. Young, " The History 
of the Bohemian Brethren (Unitas Fratum) and 
their Influence on the Development of Czech 
Civilisation." 

At St. Barthok»inew’s Hospital Medical College, 
West Smithfield, E.C. 5 p.m. Dr. H. H. Dale, 
"Chemical Control of Certain Bodily Functions." 
(Lecture IV.) 

Wednesday, May 27• .Microscopical Society, 20, Hanover 
Square, W. 7.30 p.m. (Industrial Applications 
Section.) Sir John RussdL (e) "The Microscope 
in Soil Microbiology," and (8) "The Microscope 
in PUnt Pathology." 

University of London, University College, Gower 
Street, W.C. 5.30 p.m. Prof. F. de Zulueta, 
"William of Drogheda, an English Caotonist and 
Civilian of the i3tb Century." 

At Kill’s Collie, Strand, W.C. 5.30 p.m Mr. 
H. W. Steed, " The Emancipation of Rouinania and 
the Russo-Tuikish War." 

At the London School of Economics and Political 
Science, Houghton Street, Aldwych, W.C. 3 p.m. 
Mr. R. A. Smith, " The Metal Aj^ of Western 
Europe—The Late Iron Age (Anglo-Saxon)." 
(Lecture III.) 

Thursday, May 28..Royal Society, Burlington House, 
Piccadilly, W. 4.30 p.m. 

China Society, at the School of Oriental Studies, 
Finsbury Circus, E.C. 3 pan. Mr. G. Willoughby- 
, Meade, " Ghost and Vampire Tales of China." 

Structural Engineers, Instituti<m of, 296, Vauxhall 
Bridge Road, S.W. 3>4S P>m. Annual General 
Meeting. 6 p.m. Mr. A. G. Huntley, " Acoustics." 
Royal Institution, Albemarle Street, W. 3.15 p.nu 
mf. F. O. Bower, "The Natural Classincation of 
Ferns" (L^ture 11 ). 

University of London, King's ColWe, Strand, W.C. 

6.30 p.m. Dr. O. Vocadlo, Czecho-Sbvak 

Rq^ublio To-day." (Lecture VI.) 

Friday, May 29..Chadwick Public Lecture, at the Royal 
Society op Arts, John Street, Adelphi, W.C. 
3.13 p.m. Dr. £. Sumpt, "The Prophylaxis of 
bleeping Sickness." 

Royal Institution, Albemarle Street, W. 9 pjn. Sir 
Henry Newbolt, " Scenery in the Pastonl Poets." 

Saturday, May 30. .Royal Institution, Albemarle Stiwt» 
W. 3 p.m. Rev. E. M. Walker, "Democracy in 
the Ancient World." 
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NOTICES. 


INDIAN SECTION. 

Friday, 22nd May, 1925. Sir Thomas H. Holland, K.C.S.I., K.C.I.E., 
D.Sc.*, F.R.S., in the Chair. 

A paper on “ The Industrial Progress of the Mysore State " was read by 
Sir Alfred Chatterton, C.I.E., Assoc.M.Inst.C.E. 

The paper and discussion will be published in a subsequent number of the 
Journal, 


VISIT TO CROYDON AERODROME. 

At the Ordinary Meeting held on May 6th last, when Air Vice-Marshal 
Sir Sefton B^ncker read a paper on ** Commercial Aviation,” a suggestion 
v^as made that Fellows of the Society might like to visit the Aerodrome at 
Croydon. Sir Sefton Brancker communicated the proposal to the Air Ministry, 
who have now intimated their readiness to receive a party of twenty Fellows 
at the Aerodrome on Thursday, June 25th, and a similar party on Friday, 
June 26th, at 3 ^m. 

Fellows of the Society who desire to avail themselves of this invitation are 
Ipqiiested to communicate at once with the Secretary of the Royal Society 
of Arts, John Street, Adelphi, London, W.C. 2. In doing so they should 
state whether they will be able to attend on either day. 

The number of visitors has to be strictly limited so as to permit of those 
who accept the invitation being shown over the Aerodrome. 

Tickets of adn^ion will be issued in the order in which applications are 
received. 
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COMPETITION OF INDUSTRIAL DESIGNS. 

By kind permission of the lArector df the Victoria and Albert Museum, the 
second Annual Competition imder the Society's Scheme for the Improvement of 
Industrial Designs will be held in the North Court of the Museum. The last 
da]te for receiving designs is June 24th. 

Applications for entry forms have been received frorti over 1,000 candidates, 
as compared with a total of 553 last year. 

The Board of Education have signified to the Council their warm approval 
of the Scheme, and, on the invitation of the Council, they have nominated Mr. 
Henry Allport, H.M. Inspector of Schools of Art, to serve on the Central 
Committee. 


TWENTY-SECOND ORDINARY MEETING. 

Wednesday, May 20th, 1925. Mr. Alan A. Campbell *Swinton, F.R.S., 
late Chairman of the Council of the Society, m the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Binns, Herbert, Keighley, Yorks. 

Brinton, Selwyn, M.A., Southwick, Sussex. 

Burnham, The Right Hon. Viscount, C.H., London. 

Herr, Miss Helena, M.B.E., Chislehurst, Kent. 

The following candidates were duly elected Fellows of the Society:— 

Langer, Carl, Ph.D., F.C.S., Woolhampton, Berks. 

Lawford-Jones, Arthur John, Slough, Bucks. 

Leonard, Ernest Arthur Edward, Barking, Essex. 

McMurray, J., C.B.E., Teheran, Persia. 

Mirchandani, Narain Khanchand, Shefi&eld. 

Pehrson, A.P., Sheffield. 

Radford, Henry C., Southampton. 

A paper on William Sturgeon and the Centenary of the Electro-Magnet " 
was read by Professor John Ambrose Fleming, M.A., D.Sc., F.R.S. 

The paper and discussion will be published in a subsequent number of the 
Journal. 


REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on " Modem Colour ProNems," by Louis C. Martin, 
D.Sc., A.R.C.S., D.I.C., F.R.A.S., Lecturer in the Department of Optical 
Engineering and Applied Optics, Imperial College of Science and Technology, 
have been reprinted from the Journal, and the pamphlet (price 2s.) can be 
obtained from the Secretary, Roy^l Society of Arts, John Street, Adelphi, 
W.C. 2. 

A lull list of the lectures which have been published separately and are still 
o%$ale can also be obtained on application. 
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PROCEEDINGS OF THE; SOCIETY. 


NINETEENTH ORDINARY MEETING. 

Wednesday, April 29TH, 1925. 

Sir George Newman, K.C.B., M.D., D.C.L., Chief Medical Officer, 
Ministry of Healthy in the Chair. 

The paper read was :— 

THE TREND OF MODERN HYGIENE. 

By Andrew Balfour, C.B., C.M.G., M.D., D.P.H., F.R.C.P.E. 

The trend of modem hygiene or the modem trend of hygiene—which is 
the better title ? It is a moot point, but, after due consideration, I decided 
to employ the former for the following reason. 

While one must admit that, almost from the beginning of time, or at least 
from the beginning of human history, certain general hygienic principles 
have remained imchanged, and while one must also agree that much of our 
latter-day hygiene is a reversion to the practice of the Ancients, yet of late 
years such a remarkable and far-reaching change has come over both the 
spirit of our dreams and our actual undertakings that we may, with some 
justice, assert that a new hygiene has been developed, a modem health 
campaign possessing features which entitle it to be classed as a distinct 
entity. 

I-et us consider the argument a little in detail. I have mentioned the 
Ancients, those remarkable beings who, unaided by scientific appliances, 
devoid of our elaborate armamentarium, groping, as it were, in the dark, 
yet succeeded in penetrating into many of Nature's secrets and solving riddles 
which at one time we fondly imagined had been elucidated by ourselves. 
As has been pointed out time and again, there has within recent years been 
a change from the hygiene of environment to that of the individual. This 
has been hailed as a great step in advance, and yet much of what we regard 
as new had its counterpart in the days of the Greeks and the Romans. 

It would seem that the ancient Greeks were the first to recognise the 
importance of personal hygiene, to understand that, just as charity should 
begin at home, it was essential for the individual so to develop and care for 
his frame that it might be placed in a position to defy the onslaught of disease 
and to resist decay, both of body and mind. 

Mr. C. J. S. Thompson recently wrote an interesting paper on Medical 
Gymnastics in Greek and Roman Times." He quotes Galen, who stated that 
Hippocrates, a great hygienist as well as a great physician, Diokles and 
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Praxagoras, first appreciated the importance of medical exercises and 
gymnastics, although, according to Plato, Ikkos of Tarentum, who flourished 
about 470 B.C., was the actual inventor of the latter. 

In all probability, however, those pioneers, the ancient Egyptians, had 
long before recognised that the body was a machine and required careful 
attention if it were to perform its functions properly and keep disease at 
bay. We gather as much from the hygienic code of Moses. It is the fashion 
nowadays to quote Moses as a sanitarian, and it is interesting to note that 
this itself is no new thing. A very remarkable and far-seeing British army 
sUjTgeon, Donald Monro, who lived in the latter part of the eighteenth century, 
directed the attention of his readers to the instructions issued by'the 
Patriarch. 

Presumably, you know your Leviticus and Deuteronomy, so I need not 
enlarge upon the maxims of Moses; those wise injunctions to the Israelites 
anent personal cleanliness, the use and abuse of food, the avoidance of 
infection, care in the disposal of excreta and so forth. Moses, however, was 
merely heir to the wisdom of the Egyptians, and possibly the Egyptians 
derived much of their knowledge from earlier civilisations. 

Still, despite their perspicuity in many directions, it would seem that the 
Ancients considered the health and hygiene of the individual rather from 
the individualistic standpoint. So far as we can tell, they did not lay stress 
on the importance of the healthy unit in his or her relation to the community. 
The Greeks prized chiefly beauty and perfection of form. Both in Greek 
and Roman times much of the hygiene we are considering had a religious 
basis, and religion has always been more or less individualistic. Hence, 
possibly, for we must always remember that our knowledge of these remote 
times is limited, the Egyptian, the Greek and the Roman did not grasp the 
full significance and value of the mother, the infant and the child to the State, 
or, at least, did not adopt measures to safeguard them from the malign 
influences to which, no doubt, they were exposed. 

It is possible that the large proportion of infants* and children's graves 
in the burial places of ancient Nubia and pre-dynastic Egypt may be evidence 
of such oversight. Professor Elliott Smith agrees that this may be the case 
and he has also told me that the remarkable paucity of children's remains 
in dynastic times may indicate that the Egyptians took so little stock of 
children that they did not think it worth while to accord them sepulture. 
It would, of course, be a mistake to imagine that the Ancients concentrated 
on personal hygiene, in certain of its aspects, to the exclusion of public health 
measures directed to environment. The ruins of the Roman aqueducts are 
testimony to the contrary and the Greeks, long before the Romans, were 
masters of sanitaiy engineering. They had their subterranean aqueducts 
conforming to the configuration of the ground and knew how to ventilate 
them by air-shafts. There is some reason to believe that these same Greeks 
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may have recognised that improved health followed swamp reclamation. 
At any rate, the Minyans carried out remarkable work on Lake Kopais. 

It is sad to think how all this knowledge was lost, how all this endeavour 
passed into the limbo of forgotten things. The Romans brought their hygienic 
culture to Britain, and, in a climate differing greatly from their own, continued 
the practice of the bath and devised and executed the h3rpocaust system 
of heating to which we are even now returning in the case of certain buildings. 

Then came war and turmoil, followed by the blight of the Middle Ages. 
True, there was a renaissance of learning, but the renaissance of hygiene 
lagged far behind it, for it was not until Richard Mead thought and wrote 
that the nation to which he belonged began to gain some real glimmerings 
of sanitary sense, and it was not until long after his day that it began to evolve 
a sanitary conscience. 

The story has often been told and need not be repeated, but it may be said 
that, naturally enough, the pioneers, Howard, Pringle, Monro, Lind, Trotter, 
Shaftesbury, Chadwick, Simon, Southwood Smith, Snow and others, to mention 
only a few, directed their energies mainly, if not exclusively, to the amelioration 
of environmental conditions which urgently called for remedy. There were 
Augean stables to be cleansed, and for a space their inhabitants, asses for the 
most part, had to be neglected. Moreover, the knowledge we now possess, 
knowledge of bacteriology, of physiology, of psychology, of bio-chemistry, 
of eugenics, was not available, so that had there even been time to consider 
the individual in the midst of the warfare against ignorance, superstition, 
parsimony, narrow-mindedness and vested interests, the devoted men who 
led the way could not have dealt with the unit to the best effect. Gradually, 
however, as order took the place of chaos, as cleanliness replaced dirt, as the 
work of the laboratory came to be applied to every-day life, as there was 
more time for thinking and observation, it became evident that, despite 
all the progress made, there yet remained new worlds to conquer. 

While the great campaign had been proceeding, new factors had been 
introduced into communal life. The population had become largely urban, 
industrialism had set its seal upon the people, food conditions had changed, 
. the strain and stress of existence had become intensified. Moreover, it began 
to dawn upon those responsible that there were forces, malign forces, at work 
which tended to counteract much of the good that had been accomplished 
and which could no longer be permitted to play havoc, through the individual, 
with the health and prosperity of the State. 

Thus was bom that modem hygiene which, maintaining and amplif3ring 
the principles and practice of sanitation, cast its net wider and enfolded in 
its meshes, not only the adult, but the infant and the child, not only the infant 
but the embryo; which reached out a helping hand to the healthy as well 
as to the diseased, which strove and still strives to get at the root of thmgs 
and to nip infection in the bud. 
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The outlook has changed and, while it is impossible to deal here with all 
the new vistas which have opened up, all the new avenues which are being 
explored and all the new developments which are taking place, there are 
some which will repay attention, if only as a preliminary consideration pending 
some remarks as to how the ideal wldch has been set may best be attained. 
That we are a very long way from that ideal is made startlingly evident from 
the army recruiting figures recently announced. No less than 49,245 would-be 
soldiers, or five out of every eight applying, were rejected during 1924 on 
accoimt of mental or ph)^ical defects. Even if some of these rejections are 
due to a higher standard being now required, the figures give us furiously 
to think. 

The most important item in the public health campaign is beyond all doubt 
education; not so much education of the medical student, the medical man, 
the dental surgeon, the veterinarian, or the sanitary inspector, as education 
of the lay public. It sounds simple, but in reality is beset with many 
difficulties, and perhaps the chief obstacle which lies in the way is the innate 
selfishness which seems to pervade such a large section of the community. 
In some this selfishness is not far removed from the stigma of criminality, 
but in the vast majority it is more or less unconscious, and is the result of 
thoughtlessness, ignorance, preoccupation, for many have to fight for bare 
existence, or a false conception of values. 

I am inclined to think that a great many good folk who try to follow the 
golden rule somehow never think of it as applying in matters hygienic. It 
may be, it doubtless is, the case that, like Gallic, they care for none of these 
things, partly because long ago it was necessary to entrust certain agencies 
with the duty of canying out public health measures and the English public, 
easy-going and having paid, not illiberally, to get the job done, took little 
more interest in it. Perhaps also there was, in earlier days, a tendency on 
the part of those who controlled health matters towards the priestly cult. 
It was perhaps natural, for they had to deal with a lamentably ignorant 
populace, and so may, to some extent, have followed the custom of antiquity, 
when the religious orders, hankering after power or distrustful of the people, 
amassed and jealously guarded the knowledge which meant so much to 
mankind. It must be remembered, however, that sufficient time has not 
yet elapsed for the effects of the new hygiene to be generally apparent. 
Striking results have been obtained and are being obtained, but it will take 
at least a generation before any great and universal effect will be visible, and 
our modem activities have not been in full swing for five and twenty years. 

A gratifying feature of the educational campaign is the number of voluntary 
agencies striving to impart knowledge and to popularise scientific endeavour 
as applied to the public health. No less than twenty-three of these embassies 
of health, as periiaps we may call them, all operating from London, are listed 
by Sir Geoige Newman in ins important memorandmn on Public Eduction 
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in Health, and there are others scattered about the country. They are 
concerned with various lines of activity and, doubtless, accomplish much good 
work, but the tendency nowadays is to make Health Departments responsible 
for the dissemination of information. This is a duty which, of course, has 
been shouldered by the Ministry of Health in this country, ai^l which has 
also been imdertaken by the health departments of various npmicipalities, 
as witness the legends which now appear on lamp posts and the posters and 
pamphlets which warn and guide the citizen. Of special interest are the 
recent developments in Bermondsey, where great activity has been displayed 
in several directions. 

The system has been very highly developed in certain parts of the United 
States, but that there is considerable ne^ for expansion, or perhaps one 
should say improvement, there, is shown in a recent paper by Dr. Cooper, 
Assistant Secretary of the North Carolina State Board of Health. He marshals 
the reasons why public health education is a duty of health departments and 
indicates how the latter may function as educationalists. Conditions in 
America differ in many respects from those obtaining here, but in the discussion 
on Dr. Cooper’s paper rather an interesting point was raised. Dr. Rankin, 
the energetic State Health Officer of Raleigh, speaking of Press work, pointed 
out the need for brains. He stated: ‘'If you take the amount of money you 
spend on paper and the mechanics of public health education and compare 
that with the small amount of money we are spending on the brains that 
go on the paper, you will see that the health departments follow practices 
that no business concern would endorse." 

This does not apply in the same degree to this country, and yet, taking news¬ 
paper campaigns, there can be no doubt that the public health matter appearing 
in the daily press might often be rendered more attractive and more accurate. 
My own feeling is that there should be a closer co-operation between health 
authorities and the Press and that the latter should be supplied with 
authoritative, well-written and up-to-date articles. The trouble now is that if a 
medical man sends a contribution to a newspaper under his own name he is apt 
to be classed as an advertiser. Opportunity, therefore, should be afforded the 
skilled hygienist to deliver his message under the aegis of a health department. 

Here is what Dr. Dale, of- the State Medical Department, Western Australia, 
says on the subject in a short but illuminating paper on " Publicity " in Public 
Health Administration, which appeared in that admirable publication 
Health," the journal of the Commonwealth Department of Health:— 

" The publicity work of a health authority can be carried out in many 
ways. One of the most valuable is by means of the publication of articles 
in the Press, both daily and periodical. Even if considerable expense be 
entailed, it can be justified, and a close understanding with those in control 
of these organs is the first desideratum. Pamphleteering and the issue 
of special literature in various forms may also be effectively^ employed. 

" In order that the activities of their officers in this direction may receive 
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the necessary encouragement, health authorities must come to realise that 
when they are engaged upon the preparation of matter for publication, 
for lectures, etc., or in the study of professional and technical literature, 
they are *at work,' and such work is as remunerative and deserving of 
remuneration as any of their other duties." 

Dr. Daley, formerly Medical Officer of Health for Blackburn, pleads, with 
good reason, for the creation of Publicity Committees, which should contain 
members of the Health Committees of Councils. On the Publicity or Health 
Education Committee, he would, I note, place representatives of a great, 
many interests. " Too many cooks may spoil the broth," yet I would venture 
to add to his list, which, amongst others, includes the Press, Cinema Pro¬ 
prietors, and the Chief Constable, the local Veterinarian. ^ 

In this country we do not yet fully realise the importance of veterinary 
science in its relation to the public health. It is, I think, significant that 
the recently-appointed Assistant to the Director of Helminthology at the 
London School of Hygiene and Tropical Medicine is a well-qualified veterinarian, 
and I anticipate much good from this association. I feel that a whole lecture 
could be devoted to what might be called the Veterinary side of Public Health. 
Well, the Press can do a great deal if rightly guided, and yet it will be long 
before the citizen fully realises his duties towards the community, his duty 
to himself or the elysium which awaits him if he will only take these re¬ 
sponsibilities seriously. 

Seldom have I seen the case better put than by Dr. Drury in his address 
at the Nineteenth South African Medical Congress. Speaking about the 
public health, he says:— 

" Suppose that, as a community, we determine to guard ourselves against 
these prolific, lowly organisms which, taking advantage of air, food, water, 
and insect parasites, live an unnatural life at our expense, so that there was 
an end to the preventable fevers called enteric, typhus, Malta, and the 
rest; an end to hydatid disease, bilharziosis, malaria and sleeping sickness ; 
an end to venereal disease, to leprosy and perhaps to tuberculosis. Suppose, 
further, that building regulations abolished slums, and made our houses 
sun-traps or cool chambers according to season, how much preventable 
disease and disorder would cease. To reach such a state, we must learn 
to think so naturally, as members of a community, that we shall feel at 
least as much self-reproach in publishing rotten books or spreading infection 
in a school, in spoiling a landscape with refuse, or wasting water, in over¬ 
working servants or driving with an open exhaust, as we do now in eating 
peas with a knife or dropping aitches." 

Turning to the personal aspect, he cites what man must do to be saved 
physically and mentally, and continues:—Grant these further suppositions, 
none of them impracticable, and in three generations our race might rival 
the classical inhabitants of that most favoured land of Greece. It sounds 



May to. lots. JOURNAL OF THE ROYAL SOCIETY OF ARTS. 629 

easy, but to overcome our personal sloth, and to stir us to a spasih of emulation, 
it needs that a modern prophet clothe himself in a leopard skin, display a 
17-inch expansion of chest, and dispense elementary physiological knowledge 
in return for cash in advance." 

The lack of public interest in health matters is evidenced by the proposal 
made to disguise cinematograph films of educational value in hygiene. If 
their real nature is declared, the public fight shy of them, even if they be 
attractive and amusing. 

I. remember visiting one of these cinema premises in Wardour Street to 
see a " Swat the Fly " film put through for trial. The operator showed it 
me politely, but obviously with some contempt, although he was an American, 
and Americans, generally speaking, take more notice of public health questions 
than do people in this coimtry. 

" This kind of film," said he to me, when it came to an end, " don't cut 
any kind of ice; we got no sale for them. Now, sir, let me show you something 
with 'pep' in it," and he proceeded to demonstrate an absurd but comical 
film of a man who would not insure hLs life until certain amazing war experiences, 
passed through in a dream, induced him to change his mind. 

The question of life insurance brings to mind quite another kind of education 
and a new trend of hygiene. Human nature being what it is, a considerable 
section of mankind is more influenced by what we may call financial education 
than by any other means. Demonstrate material monetary benefits resulting 
from hygienic measures and you may carry the day. Life insurance companies 
have of late years realised this cardinal fact and some of them now operate, 
as Dr. Otto May has pointed out, in three ways. At least, certain of the 
American companies do. Here we are more conservative and cautious, while, 
of course. National Health Insurance has been established in this country 
and, to some extent, proceeds along the lines which a company like the 
Metropolitan Life Assurance of New York has followed. Some of the advisory 
medical ofiicers to British companies, including Dr. May himself, are not yet 
convinced of the utility of all the American undertakings. These latter are 
of a tripartite nature and may be listed shortly as propaganda, the endowment 
of research and individual case treatment. The last named connotes periodical 
medical exaniination of policy holders. 

The first two are beyond criticism, but the success of the third is imperilled, 
partly because it is difficult and expensive to establish a really effective 
diagnostic service and partly because a lack of interest is apparent amongst 
policy holders. They submit to a first examination impressed, perhaps, 
by its novelty, but few present themselves for a second and still fewer for 
subsequent overhauls. Hence, Dr. May and others believe that in this country 
Insurance Companies had better confine themselves to supporting voluntary 
health organisations. It would seem that the time is not yet ripe for the 
above-mentioned development, although it was suggested in England by 
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Dr. Dobell as long ago as 1870. There is always a pioneer in mat(;jsrs hygienic, 
a John the Baptist, and in this question of periodic physical examinations 
Dobell played a part like that filled by Robson in connexion with the control 
of venereal diseases. Both were like voices crying in the wilderness. 

The insurance companies, swayed by financed considerations, led the way, 
chiefly through their life extension institutes, but the tendency now is to 
entrust the work of periodical examination to the family physician. Indeed, 
the American Medical Association is devising methods to this end, and its 
Bureau of Health and Public Instruction has prepared a standard blank 
indicating how such examinations should be conducted. 

That such a consmhmation is highly desirable, that it may have far-reaching 
result^ and that it should react on the health of the community, is emphasised 
in a typical American manner by Dr. John Dill Robertson, of Chicago. He 
does not hesitate to chmge the general practitioner with criminal negligence, 
hoping that his message will prove so irritating that it will stimulate him 
to a sense of his responsibilities as a guardian of the public health in his own 
special direction. According to Robertson, who, of course, merely voices 
in rather a strident tone the views of others, the true function of the private 
practitioner is not to cure the sick, but so to advise his patients, or, rather, 
his clients, that they will remain in good health. Here is his message, which 
certainly has *'pep " in it:— 

" Go to your office to-morrow morning, take down your record and find 
how many people there are for whom you are the family physician. Take 
those that have been to your office during the past year; write them a 
letter; tell them you would like to have them drop into your office; that 
you would like to talk to them .... and sell them the idea of health. . . . 
Tell them that they should have a thorough physical examination .... 
and when you make this examination, make an examination that will 
impress them, not a careless one, not a stick-out-your-tongue-let-me-feel- 
your-pulse examination, but an examination they will talk about .... 
an examination from head to foot . . . and when you get all through with 
your instructions and with your examination, then you are ready to have 
them sign up with you for a continual, continuous audit of their ph3rsical 
banking account." 

After all, this is to all intents and purposes the scheme devised by those very 
wise Ancients I have not mentioned, the Chinese, who paid the doctor so 
long as his patients were well, but expected free attendance from him when 
they were ill. Dr. Robertson, however, would seem to have improved on 
the Chinese method, at least from the doctor's point of view, if there is any 
truth in his concluding prophecy:—When you have 600 patients (the 
number of individuals in Chicago to each phy3ician) signed up, you wiU .be 
amazed at the fact that your income has doubled and trebled in the course 
of a year." 
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I have dted Dr. John Dill Robertson because he has an arresting way of 
putting things and because his reference to dollars, even if they are only 
doctors’ dollars, should appeal, but away back in 1907 the same argument 
was advanced more quietly, less picturesquely, but as forcibly by Dr. John 
McVail in a memorandum accompanying his report on Poor Law Mescal 
Relief in England and Wales. In a recent address he developed his theme 
and indicated seven directions in which the family physician might be of 
service as a valuable ally of the Medical Officer of Health; 

I cannot here quote him in full, but he deals with the doctor as a historian, 
an enquirer into family history, and as an observer and checker of tendencies 
towards general disease. Let it be noted that amongst the diseases mentioned 
figure obesity and alcoholism. He envisages the physician as a health guardian 
of the child, a watchful attendant both of mind and body, a corrector and 
remover of defects, an adviser to the parents. He traces the extension of this 
medical care to the youth and the maiden, when the practitioner should 
guide as to work and athletics and be upon the qui vive to remedy faulty 
tendencies of all kinds at the threshold of adult life. He pictures him as the 
friend and confidant of the woman, saving her from the special troubles 
besetting her sex and watching the adult man, to see that he dqps not develop 
some trade disease, strain his heart or damage his respiratory organs. In 
addition, he speaks of general examinations like those for which Dr. Robertson 
pleads, and he figures the doctor as a prop for old age trying to ward off 
apxjplexy and stay the morbid processes which too often make the evening 
of life a tragic misery. 

Dr. McVail is careful to point out that the doctor can only assume such 
a rdle with the consent of the individual—the adult for himself, the parent 
for the children. 

A specific application of this fine ideal, an ideal which, as we will see, 
requires certain developments or ever it can come to maturity, is seen in 
the investigation of “ golf hazards " by Dr. Lieb, who, startled by the occurrence 
of sudden deaths upon the links, collected data which he incorporated in a 
paper published by the " New York State Journal of Medicine." Dr. Lieb 
found that in every case organic disease was present and that the golfing 
was only an accessory factor. The important point, however, is that, had 
those who perished undergone periodical physical examinations and had 
ordered their lives in accordance with the findings, they need not have died. 

Just as after 40 diet should be modified for each decade of life, so should 
exercise be regulated at, and after, 50, the meridian. One has not time to 
enter into Dr. Lieb's details, but he divides golfers who are of medical interest 
into two classes, the neurological, highly-strung and petulant, and the 
cardiological who possess weak hearts, high blood pressure and othe 
circulatory defects. Golf; as no doubt many of you are aware, can be a very 
annoying game. It certainly makes nervous people more nervous. It also 
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makes peppery people more peppery. The irritability induced by golf has 
long been a godsend to the comic papers. We all know, by repute, at least, 
the choleric, retired colonel with the red face, the strong language and the 
broken-shafted driver. 

His face is redder and his language stronger if he happens to be playing for 
a wager, and Dr. Lieb denounces playing for stakes as dangerous both to 
the nervous and the choleric players who have passed the meridian and are 
not perfectly sound. Indeed, he lays down certain health rules for veteran 
golfers, amongst which I note only avoidance of playing golf with one’s wife I 
Nothing is said about another man's wife acting as partner or opponent. 
Presumably this is less dangerous, even though in some cases the heart may 
be affected! 

Now while, presumably, the majority of medical men at the present time 
could be trusted to give a sound opinion on the middle-aged golfer, it is by 
no means so certain that they could adequately fulfil the duties listed by Dr. 
McVail. They have been reared, be it remembered, in an atmosphere of curative 
medicine and they have not been trained to look for the beginnings of disease. 

Of course, amongst them there may be a few Sir James Mackenzies with 
the seeing eye and the understanding heart, but, taken as a whole, the general 
practitioner is a patcher, not a preventer. 

That is not his fault. In the past his training has been defective. 

For one thing, he has struggled through a series of more or less water-tight 
compartments. There has been little linking up of his early scientific knowledge 
with his later medical and surgical studies and, if he is to act effectively, his 
medicine and surgery must be leavened with a leaven wherein physics, 
chemistry, biology, anatomy and physiology are combined as ingredients 
together with sympathy and common sense. For another, the doctor, as 
a student, has been so crammed that too often one mass of ill-digested 
facts has, throughout the curriculum, crowded out another in process of 
assimilation and the only wonder is that he has emerged sane and sound and 
with a modicum of useful knowledge. 

For yet another, the preventive aspects of his life's work have not been 
explained to him and the vast possib^ties which lie before him are too often 
as a sealed book. 

Now all this is changing. The beginnings of that change are recounted 
in the masterly treatise by our distinguished Chairman, his memorandum 
entitledRecent Advances in Medical Education in England," or, as he might 
have written," Great Britain," for he cites Scotland again and again and the 
old Alma Mater which I had the honour to share with him. 

Sir George Newman and others have remembered what happens when the 
blind have blind leaders, and by degrees a new type of doctor should be 
evdved, who, it is to be hoped, will combine the acumen of the old clinical 
observer with the broad outlrok of the Sjane scientist. 
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In his brochure, for it is more than a memorandum, Sir George paints with 
a broad brush and deals to some extent with the training in public health. 
He returns to the charge in his paper on “ The Permeation of the Medical 
Curriculum with the Preventive Idea.” Therein he does give certain specific 
indications of how this desideratum can be attained, but the whole question 
has ^till to be thought out in detail and in many cases the professors and 
lecturers have themselves to be inculcated in the underlying principles. 

We seem to be lagging a little behind the United States in this particular, 
for there Professor Leathers has recently been appointed to a chair, in Vanderbilt 
University, Nashville, Tennessee, which will be concerned with this permeation 
work. It is a hopeful development and the results will be awaited with interest. 

I have mentioned food, and one of the most significant happenings in the 
modem health campaign is the attention paid, not only to dietetics, but to 
food preservatives and to the handling of food stuffs. The la5mian, I fear, 
must be a little bewildered by all that is said and written about diet. Screed 
succeeds screed on vitamins. Here an authority thunders against butchers' 
meat and starchy foods, there an oracle condemns milk for adults. We read 
of human cesspools. We are told that our faulty food habits explain the 
increase of cancer. 

At times one wonders how the human race has managed to survive at all, 
and exclaims with Pontius Pilate, “ What is Truth ? " And yet we are 
progressing, for we are beginning to understand the relation of diet to endocrine 
secretion and we are correcting errors into which we have drifted through 
non-adaptation to our complex surroundings, through failure to understand 
that what the primitive man can do with impunity, the civilised man, or 
at least the town dweller, does at his peril. 

The truth really lies in moderation, for, in a phrase I once coined and which 
perhaps will bear repetition, it is still the case that many folk by their copious 
libations wash themselves into graves which they have dug with their own 
teeth. Copious libations do not signify wholly, or even mainly, the imbibition 
of alcoholic beverages, for a vast deal of digestive trouble is brought about 
by excess in tea and coffee drinking and by the swilling of liquid, frequently 
in effervescing form, during meals. Most of us after middle age eat far more 
than we require. War experience should have taught us a saluta^ lesson, 
but, like other lessons, it has been forgotten. 

I am inclined to think that eventually the chief value of the scientific tirade 
on foods and feeding will be found to lie in the fact that it will teach some 
sections of the most important class of the community—the workers—^how 
to live cheaply as well as healthily, how to get the best food value for money 
spent. This in itself is a great matter, for the waste at present is enormous. 
Remember, however, there are many poor housewives who, on the practical 
side, could give the scientist points.* 

The tendency to take stock of the evils resulting from the addition of 
certain preservatives to food is undoubtedly beneficial from •several points 
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of view, while, at long last, we are beginning to realise that we are a dirty 
nation in many matters concerned with food-handling. Control in this direction 
is badly needed, but it is easy to exaggerate the actual risks to life and health 
from the mal-practices which we see all around us. They exist in some 
measure and are serious in the case of milk, but, generally speaking, they are 
not so direful as some would have us think. Otherwise it would be a poor 
look-out for most of us. A very sound paper on this subject, a paper dealing 
with the practical value of the examination of food handlers in the army was 
recently contributed by Major Parsons, of the United States Army Meddal 
Corps, and will be found in The Military Surgeon for last January. 

Apart from the question of infection, however, it is most desirable from an 
aestnetic and educative standpoint that food, even food which is to be cooked, 
should be handled and purveyed in a cleanly fashion. Dirt begets dirt, and 
dirt and disease have ever been close companions. It must be apparent that 
everywhere education is the prime factor and education connotes co-operation. 

We have seen how voluntary organisations co-operate with official agencies, 
how health authorities should co-operate with the lay Press, how insurance 
companies try to co-operate with their policy holders, how the doctor must 
co-operate with his clients, and we might also have considered the co-operation 
of the employer with the employed, but perhaps the most significant trend 
in modem hygiene is that international co-operation which has spnmg into 
being since men ceased slaughtering each other. True, there was international 
co-operation prior to the Great War—quarantines an old story—but there 
has never previously been a union of peoples on a large scale, not solely for 
the purpose of safeguarding themselves from the .ravages of disease, but with 
the avowed intention of stamping out disease, wherever found, and of spreading 
light and learning. 

It is a fine conception and is seen in its highest development at Geneva, 
where the Health Section of the League of Nations is engaged upon its beneficent 
and widespread work, and in the foreign operations of the International Health 
Board of the Rockefeller Foundation, for these, though of American origin, 
depend upon collaboration with other nations. 

Professor Madsen, of Copenhagen, has recently described the health 
organisation of the League of Nations, and lists its chief activities as follows:— 

1. Measures for the control of epidemics. 

2. The standardisation of certain laboratory products and procedures. 

3. Co-operation with other League of Nations organisations in matters 
that involve medical or public health questions. 

4. Promotion and improvement of public health work by the so-called 
interchanges of health officers between different countries, and by 
technical advice to various governments. 

5. The collection and dissemination of epidemiologic information, including 
the co-ordination and improvement of vital statistics for international 
use^ acUd epidemiologic research. 
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6» Miscellaneous. 

Here is a remarkable programme, and still more remarkable are the ways 
in which it has been carried into effect and the results already achieved. 

As for the International Health Board, it has spread its campaigns all over 
the world and its operations are as diverse as they are valuable. It pursues the 
hookworm in many territories, it wars against the mosquito, both the malaria 
carrier and the yellow-fever carrier. Indeed, as regards yellow fever, it has 
succeeded in well-nigh obliterating that disease from the New World and is 
now, like Alexander, seeking another world to conquer, and finding it in the 
French and British possessions on the African West Coast. It has helped the 
French to fight tuberculosis, it has aided in the medical education of the Chinese, 
it has given huge grants to many countries, including our own, for the develop¬ 
ment of public health teaching and research; it is, in short, a kind of fairy 
godmother to the nations. A less pleasing simile is that of a universal milch 
cow and yet it is apposite, for in a way it supplies the milk of human kindness 
as well as the sinews of war. Now milk is a food for babes, and while it is 
right and fitting that the younger and struggling nations should benefit by 
the nourishment so generously distilled from the American udders, and while 
in certain directions the older, though none the less struggling, peoples, 
impoverished by the World War, should have their share, for the pabulum 
is intended for the healing of the nations, yet I confess to some misgivings 
where the British Empire is concerned. That Empire has good reason to 
be grateful, but I sometimes think it tends to forget its own responsibilities. 
True, it has done, and is doing, a great deal, but, as we know, doles, as affecting 
the character of the recipient, are not always unmixed blessings, and we should 
see to it that we take our full share in this welfare work. 

There is much to be learned from international co-operation, for, after all, 
the British Empire is a congeries of nations and, apart from any other con¬ 
sideration, anything which serves to bind them more closely in bonds of amity 
is not only desirable but essential. Surely health considerations should be 
as potent a tie as financial links ! At any rate, they are less mundane and more 
altruistic. Taking, for a moment, one minor aspect of the question, consider 
what is done in Holland. There a society called “ Tokuni exists for the 
purpose of taking care of children whose parents are serving in the Dutch 
East or West Indies. It is said to be an excellent organisation, and it 
certainly might usefully have its counterpart in this country. 

The British Empire owns nearly one-quarter of the earth, has a white 
population of over 60,000,000 and a native races population of 400,000,000. 

Is this not good enough to make a start upon ? .It is true that the great 
self-governing Dominions can be left to look after their own public health 
affairs—^in some ways, perhaps, they manage them better than we do ours— 
but from an Imperial standpoint it would be well if they were in closer connexion 
with the Mother Countrj^. There is much they can yet learn from England,* 
there is much that England can learn from them, and some of them, like 
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Canada, Australia and New Zealand, with all their loyalty and traditions, are 
tending to drift away in matters hygienic. Of course, it is difficult to keep 
in touch, but the new London School of Hygiene, when it comes into being, 
should be able to act as a co-ordinating centre. That School, however, is 
also 4 School of Tropical Medicine and Hy^ene, and its tropical division 
plays a not unimportant part, as did Manson's old School, in maintaining 
relations with our tropical possessions. 

It is hoped to develop this aspect of its work and already it is collaborating 
with the enlightened government of Southern Rhodesia in an effort to determine 
the precise etiology and pathology of blackwater fever, that enemy of the white 
settler, that foe to the opening up of the great chain of Central African table¬ 
lands which may yet replace India as the brightest jewel in the British crown. 

But much more is required than isolated endeavour. As a nation we are# 
not yet fully alive to the needs of our tropical colonies from the health point 
of view. Things, no doubt, are very much better than they were, at least 
in certain territories, but there is a lamentable lack of sympathetic and 
scientific co-operation. How can it be otherwise when there is no properly 
constituted Colonial Medical Service, when there is no official staff of hygienic 
advisers, constantly coming and going as there should be ? Twenty-five years 
have passed since they were first suggested, and we are still thinking about them. 

This and many other necessary developments have been set forth, have 
been discussed, have even been fought over—and then relegated to obscurity. 

We do not deserve to.own some parts of our possessions, for at the present 
moment, from a hygienic standpoint, they are a disgrace to the British flag. 

I have no hesitation in sa3dng that the Americans are justified in the feelings 
with which they view most of the British West Indies and that the Dutch 
are more than justified in looking upon some of our hygienic efforts in the Far 
East with a kind of pitying contempt. 

Is this a fitting position for the Empire which bred a Simon, a Chadwick, 
a Patrick Manson ? 

Let us not underestimate the difficulties, let us not overlook how much has 
been accomplished, above all, let us take into consideration what is now being 
done and be thankful that there is much to our credit, but, at the same time, 
as we cannot now lead in the co-operation movement, let us imitate it and 
improve upon it within the confines of the Empire. Is it not significant 
that on the other side of the Atlantic a Pan-American Sanitary Code has 
been formulated, to which no less than eighteen nations are now adherents ? 

I have spoken of difficulties. They abound. For example, if the education of 
the hard-pressed populace at home is no easy matter, how infinitely less easy is 
it in the case of primitive and superstitious races. Here is a storysent me the 
other day by Dr. Kirk, the medical officer of health, Port Louis, Mauritius. 

He-visited a house for the purpose of rat-proofing it, plague being one of 
our prohlenas in the old He de France, a legacy, by the way, of inefficiency and 
ignoi^aMe. 
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The guardian of the dwelling was a Hindu woman, who refused him 
admittance; she explained that she had just purified the place and did not 
wish him to defile it by entering it with boots on his feet. Looking through 
the little window he saw a table, on which were set various articles, amongst 
them a pair of bananas, one of which was pierced by a silver skewer. The 
woman told him that her little boy had been very sick, and that she had vowed 
if he recovered to make a pilgrimage to a certain shrine with the skewer through 
her tongue. The child had got better and she was preparing to fulfil her vow. 
In addition to having the skewer through her tongue, she had to bind up her 
jaw to prevent her from speaking while on the pilgrimage, and the journey 
had to be done on a fasting stomach. It is pitiful, and yet there is hope in 
the tale, for it reveals a great love of offspring, an honourable fulfilment of 
a vow, and an implicit faith. 

The conditions in a country like India are such that I sometimes think it 
would be well if the practice of hygiene there and in some other lands assumed 
the aspect of religious exercises. There are many forms of worship inferior 
to that of the goddess Hygeia, and if only the devotions could be adapted 
to the mentality and habits of the people, I believe more benefit would accrue 
than from all the efforts now made. For one thing, these efforts are of very 
little use until some progress has been made in Western civilisation, and it 
sometimes seems almost impossible for this exotic to make any headway 
amongst the masses. These, however, are easily swayed by an appeal to what, 
for want of a better term, we may call their spiritua# side. Such a movement 
would, of course, meet with opposition from various sources and could only 
be carried out by those thoroughly familiar \vith native customs and beliefs, 
but it is worth thinking about and might serve as a stepping-stone to higher 
and better things. All education in hygiene must, in the long run, aim at 
carrying the people with you. The mailed fist is useful now and then, but 
one cannot force folk to become permanent devotees of hygiene. It is a 
matter of persuasion, and a kind of religious persuasion, free of dogma and 
suited to their needs, might work wonders. 

In Africa the case is rather different, and at the present time a great effort 
is being made to educate the African along sound lines. The trend is towards 
creating native hygienists who will be able to aid in the sanitary salvation 
of the Dark ,Continent. I have no doubt, from what I have seen, that this 
is capable of accomplishment, though it will take time and money. 

What the Americans call “ Visual Education " is badly needed, and whether 
this be accomplished by the cinematograph, by diagrams and models in the 
schools, or by the establishment of graphic museums, care should be taken 
that it is not neglected in any scheme for native training. Lastly, both at 
home and abroad, stress should be laid on the financial aspect of public health 
work, and the ultimate aim of the hygienist should be clearly and definitely 
stated. The monetary value of sanitary endeavour is a very.tangible thmg. 
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and statistics are now available regarding many lines of health work which 
are most impressive and should convince all save the cranks and the wilfully 
ignorant. Thus, taking industry, which is so closely related to finance, 
we know, beyond all manner of doubt, that attention to mental hygiene in 
factories and workshops promotes harmony and leads directly to a larger 
output. 

In addition, especially in some of otir colonies, where money is woefully 
lacking, stock should be taken of the situation, for funds are frequently ex* 
pended not to the best advantage, and a careful re-allocation might often pro¬ 
vide for pressing sanitary needs. To cite one example, I read the other day 
df money spent on the establishment and upkeep of a library which scarcely 
anyone uses in an island where the health conditions are deplorable. 

As regards our ultimate aim, it must be pointed out that there is no intention 
of saving and bolstering up weaklings merely on the chance that here and 
there a genius will emerge, whose presence will be of infinite value to the world. 

“ Quo vadis ? *' is a question not infrequently asked, and not always 
satisfactorily answered. Yet data are available which prove that the trend 
of modem hygiene is not the expression of a blind force. 

To take only one point. It is doubtless true that Nature's law is the survival 
of the fittest. Well and good, but all should have an equal chance. There 
is no sound evidence showing an inherited resistance to disease, and hence 
we are justified in striving to lessen infant mortality by every means in our 
power, especially as we know that the saving of infant lives is not followed 
by an increase, but by a marked decrease, in the mortality amongst children 
and yoimg adults, our greatest assets. 

More difficult to answer is the argument that the work of the hygienist will 
eventually result in over-population. 

It may be so, but we cannot pierce the future, and anyhow this old world 
of OUTS has a way of settling its own problems irrespective of puny man. 
There is a power, a divinity if you will, which shapes our ends and determines 
the larger issues. In any case, we need not greatly worry. 

Professor Penck, a distinguished German geographer, by laborious calcula¬ 
tions, has found that, though some coimtries are over-populated, both relatively 
and absolutely, yet the earth as a whole contains only one-fifth of the population 
it could actually support. Even if the present rate of increase continues, 
which is doubtful, it will take nearly 300 years before the maximal population 
will be reached. Long ere that time, there will have to be readjustment, 
but increased knowledge is making that restdjustment possible. 

Hence, for many, years to come, we can labour in faith and hope. As Penck 
says, " There is no compelling necessity as yet to break with the traditions 
of the past, but tht time will come if the population of the earth continues 
to increase." 

Ravend expresses the same idea in different words, contrasting the brutality 
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of bkdogksd facts with the humanitarian quality of sociological facts, but» 
though it is trae that we have to consider succeeding generations, our vision 
is limited and our duty is to proceed according to our lights and alleviate and 
abolish the evils which lie ready to our hand. 

A hopeful sign is that there is much enthusiasm and no little idealism in 
public health circles, and, so long as these are well regulated, they cannot 
fail of their effect. Yet it is wise to bear ever in mind the dictum of Rienzi 
and the wisdom of Adam Smith. 

Rienzi wrote: '' The prudent man may direct a state, but it is the enthusiast 
who regenerates it or ruins,*' while Adam Smith, in his "Wealth of Nations," 
before the dawn of the so-called scientific era, declared " Science is the great 
antidote to the poison of enthusiasm and superstition." 


DISCUSSION. 

The Chairbian, in opening the discussion, said the audience would agree with 
him when he said that the authorities of the Rockefeller School of Hygiene had 
chosen a catholic minded man for their director. 

Dealing with the paper, he was not disposed himself to take a very depressing 
view of the figures which Dr. Balfour had quoted about recruits. He thought, 
perhaps, too much attention and emphasis had been given to those figures, which 
were exceptional, partly because of an alteration in the standard of examination 
and partly because of a variety of social circumstances which had attracted to 
the recruiting office a group of citizens who would not in ordinary times and under 
ordinary circumstances find their way there. The fact remained, however, that 
the ideal or the goal had not been anything like reached; but there was much 
in the way of encouragement. 

The three points which had impressed him most in the paper were, in the first 
place, the trend of imperialism and internationalism in preventive medicine and* 
public health—and a very valuable characteristic of our time it was. He dared 
say, in long years to come, men would look back to the present as a time when the 
foundations had been laid for the control of the tropics of the world by the white 
inan. It would prove to have been one of those great age-long changes which 
few men ever lived to see to their destiny. There had been times in the history 
of the world when disease had altered the destiny of nations dramatically. Pos¬ 
sibly it was doing so to-day, less dramatically but no less surely; and the present 
generation lived in a time truly described as the golden age of preventive medicine 
so far in the history of the world. We had seen, partly owing to the enormous 
advance of inter-communication between nations and races, by the use of a common 
language more and more over the world, by a vast development of transit and 
transport, by the powerful agency of the Press in all lands, an internationalism— 
something larger than a British imperialism—of public health, very sound, very 
good, and pregnant with great changes to the future benefit of the world. For 
if the tropics, by the discovery of new knowledge with regard to tropical disefases, 
could be controlled and inhabited by the whife races, there would be seen, not a 
development of Empire perhaps, but an enormous development of man's control 
of Nature of himself, and, he felt sure, a further stage in his higher evolution. 
So that the first thing with which Dr. Balfour's paper had impressed him was the 
large sweep, to which it was well that their minds should be drawn, which had 
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quickly resulted from the quite new discoveries with regard to the causes a^d piwen- 
tion of the great tropical diseases which were prevalent in certain regions of the 
earth. 

In the second place. Dr. Balfour's reference to the differences which had taken 
place in the older r^giftie in England and the newer would be noticed. Seyenty 
or more years ago, when Sir John Simon was laying down the foundations upon 
which it was his followers’ lot and privilege to build, he drew attention, quite 
rightly, to the great environment problenis. If one looked back to those classic 
reports of his, and of some of his immediate followers, one would find that they 
dealt with the environment of man—housing, water supply, sewage, food supply 
and so on. If one looked at the current records of the Medical Officers of Health 
throughout the country one would find that their reports dealt more and more 
with what had quite properly been called by Dr. Balfour the person '1 or communal 
aspect of public health. That was not because the environment was unimportant 
or less important now than in past days; it was because in a large measure tSie 
environment pure and simple, as in most civilised nations, liad been largely met 
and the communal services in our own country, and in America and Germany 
particularly, had shown not only great development during the last half century, 
but were now being surpassed in some measure, in those three countries at least, 
by a development of personal hygiene. Now we thought about tuberculosis 
and venereal disease and cancer, whereas Sir John Simon had to think about 
cholera. Now we thought about maternity and child welfare, and put those 
subjects in the front rank of our policy. We thought also of that great British 
scheme of insurance, full of hope and of sound work, and truly constructed. He 
was not by any means one of those people who thought that an insurance system 
of health was a State error. On the contrary he thooght year by year it was 
becoming stronger not only in its claims but in its fruits. It was very interesting 
that, on the day when Dr, Balfour was reading his paper, the British people were 
reading in their newspapers that some of the principles of hygiene, of vital statistics, 
were finding their way into a British Budget as they had perhaps never done 
before. They knew the name of the Minister who had first introduced health 
insurance into a British Budget, and it must be some satisfaction to him that 
day to see further constructive work being done in that direction. It was but an 
example, but it was an interesting coincidence, that they who were gathered there 
that evening should not only enjoy with Dr. Balfour that large sweep of public 
health, but that they should know that even the financial and fiscal affairs of this 
country were now being burdened—and he thought rightly burdened—with the 
great vital truth that unless a nation had a healthy race at its back it was idle to 
expect that that nation would either have a great future or would use its future for 
good. The primary asset of an empire was the health of its people. Statesmen and 
politicians had too often forgotten that fundamental fact. 

There was one other word he would like to say about environment. We could 
never afiord to bank only on the personal aspects of health. We could never afford 
to forget our sanitary history in England, or discard and neglect the environment; 
both were necessary. An enormous development of the one must not lead us 
to forget or ignore the necessity of the other. 

The third and last point which had impressed him most in the paper was that 
of education. All education in hygiene, as Dr. Balfour had said, must carry the 
people with it. He was very deeply convinced of the truth of that observation. 
All true government was by the consent and assent of the people, but of all forms of 
government public and personal health was most dependent upon the consent and 
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assent of the people ; and it was rather disappointing when one considered on the 
whole the relatively small progress which was being made. “ What.’* said a 
foreigner to him, “is this the land of Jenner, and you have an unvaccinated people !” 
It was an extraordinary thing. The lesson of Jenner had been copied throughout 
the world, and as far as he knew had never failed. The principle of vaccination 
was one which must be biologically true. The system of vaccination which a nation 
adopted might be defective and its vaccination laws might be clumsy or cumbersome, 
but vaccination must somehow or other be biologically true. Yet there were last 
week 168 fresh cases of smallpox—mild attacks, happily, but unnecessary and 
preventable. Only the other day there had been an outbreak of typhoid fever in 
the North of England where 52 cases had occurred which were milk home from a 
farm where a case of typhoid was being nursed. It had been among Sir John 
Simon’s earliest lessons that a case of infectious disease should not be nursed at a 
milk farm, but still the years went by and generation followed generation, and 
apparently each generation had got to learn by its own disasters. The history of 
typhoid in England was one of the most deeply instructive public health lessons 
in the whole of our literature. Yet we were suffering now from a gratuitous out¬ 
break caused by something which it had been known in England for half a century 
was a monstrous thing to allow. The Schick test of diphtheria was another 
example. It was practised in New York, where it was used as an instrument of 
prevention, direct and immediate, on an enormous scale. Here, the truth of it 
was known as well as in New York, but it was only with difficulty that that useful 
test was made applicable. As a nation we were infected through and through with 
tuberculosis, and we knew the answer. The answer was the sanatorium principle, 
but this principle was not being practised in England by the people as a whole. 
Tuberculosis was one of the most preventable —he would go so far as to say it was 
one of the most curable—of all our great maladies. The majority of the population 
were infected with tuberculosis, but the majority survived. The sanatorium 
principle, however defective the sanatorium system might be, should be used in 
every home in the land in order to stamp out tuberculosis, which was our charac¬ 
teristic English disease, but it was not done. 700,000 mothers were going to give 
birth in the next 12 months to our future population, but not 200,000 of them would 
take the trouble or the precaution to have the full advantage of ante-natal treatment 
and care and supervision during their pregnancy. Childbirth was still left a hazard 
in England, whereas it should be a safe security for mother and child and State. 
It was known that ante-natal care of the mother during those precious 9 months 
was the only true common-sense of that vital event of priceless worth to the State; 
yet English people could not be got to accept the facilities which were provided. 

Lastly, he wondered whether the English people would ever be persuaded to 
accept periodical medical examination. If they could, the tap of personal disease 
would be able to be turned off and the life of man prolonged. It had been prolonged. 
The great answer that public health was able to make was that the child bom in 
London that night had a prospect of life of between 10 and 12 years more than had 
its grandfather. That was only two generations. He would like to see disease 
turned off at the tap, and he believed the only way to do that was to eclucate the 
people. 

Sir William Sjmpson, C.M.G., M.D., F.R.C.P., said he looked upon Dr. Balfour 
as one of the foremost leaders in hygiene, especially tropical hygiene. Dr. Balfour 
always treated his subject from a practical point of view; he had what many others 
lacked, namely, imagination, and was able to look forward into the future. That 
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gift which Dr. Balfour possessed had not been spoiled by the routine work which 
he had carried out either in the laboratory or in the field or in the office.: Personally, 
he agreed with everything Dr. Balfour had said. He hoped that Dr. Balfour would 
give another lecture not on the trend of modem hygiene but on the trend of modem 
unhygiene. He quite appreciated all the advances which had been made and 
which Would be made in the matter of hygiene, but he also recognised that there 
were opposing forces which marched parallel with these advantages and neutralised 
many of the benefits derived from them. He h^d seen a great change taking place 
during the past 25 years in the rebuilding of the residential parts of London. Low¬ 
storied houses with their gardens attached had been replaced by large blocks of 
fiats without gardens, and so constructed to be close to other buildings behind 
them. These residential barrack buildings in their lower stories had neither the 
sunli|ht nor the ventilation that the former private houses possessed, and there 
was no playground for the children. Even the squares were threatened. Endsleigh 
Gardens was only one recent example of the blocking up of the lung spaces in 
London. A new Building Act was required for London to meet the new conditions, 
and to prevent the rapid disappearance of the health-giving open spades. Recently 
it was proposed that the London County Council should erect on an area of St. 
Pancras, for the accommodation of the labouring classes, blocks of nine-storey 
fiats in substitution of the two-storey houses that now occupied the site. Apart 
from the risks to the women and children in these huge buildings in the case of 
fire causing a panic, it was certain that the massing of the poorer labouring classes 
in immense barracks would not solve the housing question, but would eventually 
produce a new type of slums injurious to the health of the occupants. There 
was one point in connexion with the educative part of the matter to which he 
would like to refer. He did think that more than mere teaching in the subject 
of hygiene was needed. Hygiene could be better taught by means of museums. 
Just as there were national galleries for pictures, so there ought to be health 
museums, where every industry should be illustrated, the dangers which were 
attached to that industry and the modes by which those dangers could be avoided. 
He might mention in that respect that the Health Section of the Wembley 
Exhibition would be of great help. Last year he had been surprised at the number 
of children who had visited the health portion of the Exhibition. 

Dr. John C. McVail, M.D., LL.D., remarked that those who had been ac¬ 
quainted with Dr. Balfour’s work and writings in the past liad heard just the 
kind of paper that they expected they would hear— a. paper distinguished by 
comprehensiveness, by wide knowledge, and enlightened by a pawky humour 
which was Dr. Balfour's own. Those who had not heard Dr. Balfour before 
would be relieved to know tliat men of his sort, along with the Chairman, were 
likely to be the greatest factors in the future of public health in England for another 
generation. They would recognise his breadth of view. They would see that 
Dr. Balfour, while filling his students with enthusiasm for public health, would 
prevent any one class of those students from thinking that their own particular 
little section of the public health advancement was the be-all and end-all. They 
would find that the bacteriologist would be taught that bacteriology was very 
important, but that it was a very long way from being everything, and that there 
was far more in public health than bacteriology. Even in health administration 
they would find that Dr. Balfour would tell future Medical Officers of Health that 
they were, not to attribute everything which had happened in the way of advance¬ 
ment to Medical Officers of. Health. When those officers were inclined to point to 
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the diminution in scarlet fever, in whooping cough, in typhus fever and in measles^ 
and to attribute all that to their own work. Dr. Balfour would tell them that there 
were other pebbles on the beach besides themselves. 

He would like respectfully to add his testimony to the value of education. 
Reference had been made to periodic medical inspection and to the question of 
what was likely to be the value and the practice of it in the future. Education was 
necessary, alike of the general practitioner and of the professors, and of the public. 
The education of the public was the most important. A great deal of the im¬ 
provement which had taken place in the general health of the country was owing 
to a gradually rising standard of knowledge and appreciation of the importance of 
health. With regard to the education of the profession and of the professors who 
taught the profession, that would go on apace. The General Medical Council had 
insisted that in the education of the student there should be a block system, by 
which no medical student was allowed, before he had passed his examination in 
one section of the work, to go on to the next section; he had to pass his examination 
in the first section before being allowed to proceed to the second section. All 
through, the subject of prevention would permeate the whole education; the 
student would hear of prevention in anatomy, in physiology, in physics, in thera¬ 
peutics, and so on, and every one of his teachers would be a teacher of preventive 
medicine. The result would be that as time passed the medical profession would 
get the preventive point of view. As to periodic medical examination, he strongly 
held that that must be with the goodwill of the person examined. In America 
it was done through means of institutes, but he thought tlie best system would be 
by practitioners having groups of individuals in regard to whom they were re¬ 
sponsible for their health. He was sure that that would be a very fruitful source 
of improvement in the standard of public health in the future, and he was certain 
that Dr. Balfour would share in bringing that desirable position to fruition. 

Dr. C. a. Bentley, D.P.H,, (M.O.H., Calcutta), said he had just returned from 
India, and his attendance at the meeting that night had enabled him to satisfy two 
of his greatest ambitions, namely, first to meet Dr. Balfour in the fiesh after having 
read his writings, and secondly, to have the pleasure of meeting the Chairman. 
Those practitioners who worked in India honoured many of those who were present 
that evening, especially Dr. Balfour and also Sir William Simpson. He would like 
to take the present opportunity of saying that medical men in Calcutta, both Indians 
and Europeans, still remembered with gratitude the work which Sir William 
Simpson had done there 30 years ago, which work was bearing fruit to-day. 

He was afraid that Dr. Balfour was a little pessimistic in regard to India; but 
that was not his fault, because people in this country could only judge by the 
reports they received. There was also the fact that sanitarians had to be pessi¬ 
mistic in their reports in order to try to wake up the authorities to the great needs 
of the day. He might say, however, that there was at present a considerable 
advance over what had generally been supposed. For example, in Bengal there 
were Health Officers in every district. Some 300 assistant Health Office were to 
be provided in the early future. That marked a great advance. There had also 
been a very great advance in the inauguration of voluntary public health work. 
A very notable movement had taken place in quite recent years. At the present 
time there were no less th a n 500 voluntary village Health Societies who were 
raising money amongst themselves and employing volunteer medical and other 
workers, and who were doing most excellent work in the prevention of malaria, 
cholera, tuberculosis and other diseases. They were making use as far as possible 
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of the measures which had proved so succ^sful already in this and other countries, 
but the necessary funds were lacking to apply those measures as they should be 
applied. It was not generally known how exceedingly poor India was, and the 
Provincial Governments and also the Local Authorities. The Bengal Government 
had for, all purposes a revenue which amounted to about two rupees per head 
of the population per annum—roughly speaking about 2S. 6d. That was to meet 
every sort of expenditure. With regard to the prevention of disease, at the present 
time they could only manage to obtain a sum of about one-third of a penny per 
head of the population. Half-a-crown was a common price for a bottle of many 
patent medicines, but they in India had to get not merely remedies for disease, but 
everything else out of that paltry half-crown, and one-third of a penny for the 
prevcyition of disease did not allow of them doing as much as they should like. 

He thanked Dr. Balfour for having emphasised the need for an Imperial outlook 
and for Imperial co-operation. In the case of Bengal, within three years cholera 
could not be stamped out, but it could be got under control, so that it would no 
longer be a serious danger to the community or a danger to other countries, and that 
could be achieved for an expenditure of about 50,000 per annum. No steps could 
be taken at the present time because the necessary money could not be obtained. 
Surely it should be a comparatively simple matter to raise that amount in this 
country by voluntary subscription. It might be possible to make use of the sort of 
idea that had been evolved just after the war in regard to the reconstruction of 
villages in France and Belgium. Certain communities in this country adopted towns 
and villages in Belgium and France and assisted the inhabitants there to restore 
their villages and towns. Why should not the same idea be adopted in regard to 
some of our Dependencies, such as India ? There were 84,000 villages in Bengal 
with an average population of 500. It would be a comparatively small thing for 
some of the large towns here to adopt a whole group of those villages, to give them 
assistance, to take a personal interest in those communities and to enable the local 
voluntary workers to deal with the eradication of disease, which was quite possible 
if the means were provided. 

Dr. Arthur Haydon, M.D,, referred to an extraordinary thing which he had 
discovered in the course of his insurance work in the east-end of London, namely, 
that Insurance Companies in the City of London refused to take the wives of men 
who had died of cancer. Why should that be so ? There was no blood relationship, 
and what possible connexion could there be between the man and his wife ? 

He would like to call attention to the appalling increase in the number of cases of 
appendicitis. Only m that day's paper there was a record of 50,000 cases of 
appendicitis. He suggested that more supervision should be exercised over food 
commodities. He had personally reported to the Municipal Authorities two 
butchers for selling imported meat as English meat, but in neither case had the 
Municipal Authorities taken any action. 

i)R. Charles Porter, M.D., (M.O.H., St. Marylebone), said that the last 
speaker had made reference to butchers; he, also, would like to refer to those 
gentlemen. The Chairman himself, through his Department, had very recently 
issued certain regulations relating to the practice of butchery and to the sale of meat 
by butchers, but the Chairman might have noticed that few butchers were obeying 
his regulations. Apparently the Ministry of Health had been receiving deputations 
from the butipheis and had evidently listened with very favourable ears to what 
they had to say. That very morning he had received wliat had appeared to him 
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to be an ej^ceedingly threatening communication from the Ministry of Health 
requesting him to furnish explanations of why he was asking the unfortunate 
butchers to do anything. Dr. Balfour had referred to the necessity for co-operation 
and also to the necessity for the people themselves asking for things to be done on 
their behalf. Personally he was appalled at the lack of interest which the people 
took in public health, and particularly in food questions. It apparently liad not 
yet dawned upon them that it was well to have their food as clean as they could 
possibly get it. If it had dawned upon the people that there was that necessity, 
he thought, perhaps, they might have gone to the Ministry of Health and urg^ 
pressure to be brought upon the butchers to obey the regulations which the Ministry 
had issued. 

He desired to thank Dr. Balfour very much for his admirable lecture. It was a 
model of what such a lecture should be. He did not dwell too long upon any 
particular subject, and he treated all the subjects with a pawky humour which was 
bound to appeal even to an English audience. 

The Chairman then proposed a hearty vote of thanks to Dr. Balfour for his 
exceedingly able and interesting lecture. 

Sir Frank Baines, C.V.O., C.B.E., in seconding the motion, said had the 
hour not been so late he would have liked to express his layman’s ideas on certain 
aspects of the question of hygiene which seemed to him to be of some importance. 
For instance, he regarded education as not necessarily being the cure for overcoming 
the difficulties which had been mentioned that evening. The great problem of 
education was to make things not non-palatable for the people but positively 
palatable, and he was certain that the people would refuse to carry out a very 
unpleasant dietary if it was distasteful to them. The problem was to make the 
people see that to follow principles of health was really following quite the jolliest 
and best form of activity in life. It was not at all jolly, if one lived in a small 
primitive village in this country, to drink from a well which was full of foul water, 
and yet that condition was existent in England to-day. The primitive conditions 
of sanitation in this country to-day in rural districts were really very bad, and in 
that connexion there was a very ample field for a great reformer, such as Dr. 
Balfour. He also hoped that sanitarians and those engaged in scientific hygiene, 
would not altogether forget the fundamental aspects of urban life, such as the 
pollution of the atmosphere. A great amount of illness was caused by polluted 
atmospheres, and if only sanitarians would take up that aspect of the matter, as 
well as the butchery side, he was sure the health of the people would be largely 
improved. As a layman he had often wondered whether the sanitarian and the 
hygienic reformer could state why to-day the population suffered so much from 
serious attacks of influenza. 

It was impossible to produce a set of hygienic practices under the conditions in 
which the great mass of our population lived to-day in our central inland towns, 
v/here they had little fresh air and saw but little of the fresh green fields. Laymen 
therefore, called upon the sanitarian and the specialist in hygiene to suggest schemes 
by which modem conditions could be made bearable. It was almost preferable 
to die than to live under the conditions in which some of the population existed 
to-day He, therefore, suggested that it was up to a great reformer, such as Dr. 
Balfour, to look at that aspect of the question and see whetlier he could not suggest 
conditions which would affect a radical alteration in the method of industry and in 
the method which controlled the life of the people. The Chairman had remarked 
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that "disasters had great efFects. ‘The great plague of London had thoroughly 
idtered the mediaeval type of working in England. It had swept ajway the whole. 
freedom of the Guild craftsmanship and had gradually, prepared for jUie introduction 
of the industrial revolution. The industrial revcdution was one of the greatest 
diseases of modem times and he would vary mu^ like to think that our leading 
sanitarians would see a way out of thatlSi^culty. 

The vote of thanks was then put and carried unanimously. 

i 

Dr. Balfour, in acknowlMging the vote of thanks, said he was extremely glad 
to see present Sir William Simpsod, 1 ia\ ^hose feet he had sat and from whom he 
had learned all he knew about tropical hygiene. He sincerely trusted that there 
would be instituted a museum of the type to which Sir William had referred. He 
had been a pioneer in recommending a hygiene museum, and he (Dr. Balfour) 
sincerely hoped that Sir William would live to see his idea brought to fruition. 

With regard to Sir Frank Baines’s remark about influenza, this was not a new 
disease, although long ago it was confused with many other conditions, and it 
might have taken on new features. He trusted with Sir Frank Baines that many 
of the conditions in rural England to which he had referred would be very soon 
altered. 

MEETINGS OF THE . SOCIETY. 


Indian Section. 

Friday afternoon, at 4.30 o’clock. 

June 12.— Brigadier-General Sir Percy Sykes, K.C.I.E., C.B., C.M.G., 
The Heart of Asia and the Roof of the World." The Rt. Hon. Lord Lamington, 
G.C.M.G,, G.C.I.E., will preside. The paper will be illustrated with Special Coloured 
Lantern Slides. 

Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o’clock :— 

June 18.— ^Hon. W. G. A. Ormsby-Gore, M.P., Under Secretary of State for 
the Colonics, " East Africa." The Rt. Hon. J. H. Thomas, M.P., will preside. 


MEETlNOa OP OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Tvuday, Juke e.. University of London, King’s College, 
Strt^. W.C. 5.30 p.m. Rev. J. K. Mosley, ** The 
Doctrine of God.” (Lecture II.) 

At University College, Gower Street, W.C. 5.30 
p.m. Profs. A. V. Hill md 1. C. Drummond 
'* Bio-Chemistry.” (Lecture V.) 

WSDNESDAY, JvNB 3..Royal Institution, Albemarle 
Street, W. 3.13 p.m. i^f. R. Whittington, ” The 
Passage of El^tricity through Vacuum Tubes.'* 
(T.ectu Tf III.) 

Electrical Engfoeec^ Institution of, Savoy Place, Victoria 
Emb a nkmen t, W.C. 3.30 p.m. (Wueless Section). 
Dr. R. L. Smith-Rose, ” The Effect of Wave Damping 
in Radip Direction-Fjnding.” 

Entomologi c ai Society, 41, Qneen*s Gate, S.W. 8 
p.m. 

University of London, Kina’s Strand, W.C. 

3.30 pjn. Mr. H. wTsteedr^Central Europe, 
Roumania and the Near Bast—From the Treaty of 
Berlin, to the Treaty of Vetsailles.” 


Thvuday, Jvmb 4. .Royal Institution, Albemarle Street 
W. 3.15 pjB. Prof. F. O. Bower, “ The Natun 
C l assj ^t io n of Fens.” (Lecture IIU 
Cbemkar Society^ Piocadilly, ^ 

8 pja. z; Mr. W. A. Wightnuiit, ” The 


Structure of Cyclommffins.” Part I. *' A new 
Aspect of Mohr’s Theory and the Isomecto of 
Decahydronaphthalene.” 2. Messrs. T. A. Henry 
and H. Paget,Chenopodium OiL” Part II. ” The 
Hydrocarbon Fraction.” 3. Messrs. J. A. Goodson 
and T. A. Henry, ” E^tamine.” 

University of London, at Kina’s College, Strand, W.C. 

6.30 p.m. Dr. O. Vocadb, ”The Csecho^vak 
Repuuic To-day.” (Lectnie VII.) 

Institut Franvais du Royaume Uni, 3, Cromwell Gardens, 
S.W. 6.13 p.m. M. M. Thii^, ” Les Journauz da 
la Revolution.” 

Friday, June 5.. Royal Institution, Albemarle Street, 
W. 9 p.m. Mr. Howard Carter, “The Tomb of 
Tut-An&-Amen.” 

Geologists* Association, University College, Gower 
*• Messrs. A. L Bull and 
H. B. Milner, "The Gedogy of Eastboume- 
Coastline.” a. Mr. G. S. Sweating, **The 
Geolo^ of the Country Around Crowhurst.*^ 
PhUimkai Society, University CoU^, Gower Street 
WX. 5.30 p.m. Mr. W. WorreU, *• Dictionary 
Evening.” 

Shakespeare AasocUtio^ King’s Collett, Strand, W.C. 

5.30 pjm. Mr. R. C. Rhcdea. “ Ramatic P^y 
hm Shakespeare to Sheridan.” 


SavufAAY, June 6 . .Royal Inititutkm, Albemarle Stseat, 
W. 3 p.«n. B* M. Walker. " Democracy in 
tie Ancient Worid." (Lecture III.) 
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Adelphi, W.C. (a.) 

NOTICES. 

NEXT WEEK. 

Friday, June 12th, at 4.30 p.m. (Indian Section.) Brig.-Gen. Sir 
Percy Sykes, K.C.I.E., C.B., C.M.G., “ The Heart of Asia and the Roof of the 
World.” (Illustrated with Special Coloured Lantern Slides.) The Rt. 
Hon. Lord Lamington, G.C.M.G., G.C.I.E., will preside. Tea and coffee 
will be served in the Library from 3.45 p.m. 


COUNCIL, 

A meeting of the Council was held on Monday, May i8th. Present:— 
Lord Askwith, K.C.B., K.C., D.C.L.. in the Chair ; Sir Charles H. Armstrong ; 
Sir Frank Baines, C.V.O., C.B.E.; Sir Charles S. Bayley, G.C.I.E., K.C.S.I.; 
Lord Bearsted, LL.D.; Captain Sir Acton Blake, K.C.M.G., K.C.V.O.; 
Sir Archibald Denny, Bt., LL.D, ; Rear-Admiral James de Courcy Hamilton, 
M.V.O.; Col. Sir Arthur Holbrook, K.B.E.,M.P.; Sir Herbert Jackson, K.B.E., 
F.R.S.; Major Sir Humphrey Leggett, D.S.O., R.E.; Lieut.-Col. Sir A. 
Henry McMahon, G.C.M.G., G.C.V.O., K.C.I.E., C.S.I.; Sir Philip Magnus, 
Bt. ; Hon. Sir Charles A. Parsons, K.C.B., LL.D., D.Sc., F.R.S.; Sir George 
Sutton, Bt.; Mr. Alan A. Campbell Swinton, F.R.S.; Mr. Carmichael Thomas ; 
Dr. J. Augustus Voeicker, M.A., Ph.D., and Sir Philip Watts, K.C.B., LL.D., 
F.R.S., with Mr. G. K. Menzies, M.A. (Secretary of the Society) and Mr. S. 
Digby, C.I.E. (Secretary of the Indian and Dominions and Colonies Sections. 

A resolution of sympathy with Lord Leverhulme was passed on the death 
of the late Lord Leverhulme, a Vice-President of the Society. 

The question of the award of the Albert Medal was further considered 
Preparation of the balloting list for the new Council was begun. 

The entries for the second series of the Examinations were reported. 
These are 46,778. The entries for the first series were 27,568, making a total 
of 74,346, as compared with 71,081 in 1924, an increase of 3,265. 

Papers and lectures for session 1925-26 were considered.' 
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Arrangements for the visit of Fellows of the Society to the Croydon 
Aerodrome were considered. 

Other formal business was transacted. 

VISIT TO CROYDON AERODROME. 

At the Ordinary Meeting held on*May 6th last, when Air Vice-Marshal 
Sir Sefton Brancker read a paper on " Commercial Aviation," a suggestion 
was made that Fellows of the Society might like to visit the Aerodrome at 
Croydon. Sir Sefton Brancker communicated the proposal to the Air Ministry, 
who have now intimated their readiness to receive a party of twenty Fellows 
at the Aerodrome on Thursday, June 25th, and a similar party on Friday, 
'June 26th, at 3 p.m. 

Fellows of the Society who desire to avail themselves of this invitation arc 
requested to communicate at once with the Secretary of the Royal Society 
of Arts, John Street, Adelphi, London, W.C. 2. In doing so they should 
state whether they will be able to attend on either day. 

The number of visitors has to be strictly limited so as to permit of those 
who accept the invitation being shown over the Aerodrome. 

Tickets of admission will be issued in the order in which applications are 
received. 


TWENTY-THIRD ORDINARY MEETING. 

Wednesday, May 27th, 1925. Sir Robert Abbott Hadfield, Bt., 
D.Sc., F.R.S., in the Chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Bhajiwalla, £dy Jehangirji, Bombay, India. 

. Bhajiwalla, Hormusji Jehangirji, l^mbay, India. 

Camp, Lee G., Havana, Cuba. 

Castellani, Aldo, C.M.G., M.D., F.R.C.P., London, 
de la Macorra, Jos^, jun., Mexico City, Mexico. 

Guthrie, David Leslie, London. 

Mistry, Munchershaw Pherozshaw, Bombay, India. 

Mitchell, Lieut.-Colooel Archibald Maclaine, D.S.O., Edinburgh. 

Overbeck, Otto, F.C.S., Grimsby. 

Pitman, Isaac James, Bath.' 

Rice, Sidney A. S., London. 

Shaw, Arthur H., M.I.E.E., M.I.Mech.E., Ilford, Essex. 

Timson, Ernest Arthur, Kettering. 

The following candidates were duly elected Fellows of the Society :— 
Hooper, Lewis John Eric, London. 

Krause, Dr. Heinrich, Chicago, Illinois, U.S.A. 

Plummer, William Thomas, London. 

A paper on " The Unemployment Problem" was read by the Rt. Hon. 
Sir Alfred Mond, Bt., M.P. 

The paper and discussion will be published in a subsequent number of the 
Journal. - 
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PROCEEDINGS OF THE SOCIETY. 

TWENTIETH ORDINARV MEETING. 

Wednesday, May 6th, 1925. 

Mr. Alan A. Campbell Swinton, F.R.S., late Chairman of the Council 
of the Society, in the Chair. 

The Chairman, before the paper was read, said that the Duke of Sutherland, who 
was to have taken the Chair, was unfortunately unwell, and as a late Chairman 
of the Council he had been called upon to preside. It was quite unnecessary 
for him to introduce Sir Sefton Brancker, who was already so well known to nearly 
all those present. , ^ 

The paper read was :— 

COMMERCIAL AVIATION. 

By Air Vice-Marshal Sir William Sefton Brancker, K.C.B., A.F.C., 
Director of Civil Aviation, Air Ministry. 

The title of my paper is Commercial Aviation," a broad subject on which 
I could talk for several hours. But I am going to confine myself to air transport 
as it affects the British Empire. I want first of all to explain to you what has 
been done by air transport in the past. It will be old news to a good many of 
those present, but some recapitulation is necessary. Then I shall try to prove 
that air transport is going to be of very vital importance to the Empire in the 
future. 

Air transport was a war baby. It arrived in this world almost immediately 
after the Armistice, and it squealed very loudly. It was an ill-fed child, very 
unpopular with the Government, and did extremely badly in its early days, 
owing to general starvation and neglect. The people who plunged into air 
transport with faith and enthusiasm after the war found themselves up against 
a very difficult task, because the whole of our standards, after five years of war 
in the air, were wrong—^wrong in equipment, personnel, and everything else. 
War had done much for aviation, but it had not taught us anything about the 
basic factors in air transport as a commercial proposition—^namely, economy, 
regularity, and speed. War flying was conducted regardless of expense and in 
the face of terrible danger, and those two factors led the public to believe that 
aviation was a costly and a dangerous operation. War experience also led 
commercial organisations, which tried to take up Sying as a commercial proposi¬ 
tion, into completely wrong ideas as to the cost and the way in which it should 
be run. 

It was obvious to me and to certain others at the beginning that this new* 
industry could not pbssibly support itself until it had put its house in order and 
had delivered itself from war conditions. During the past five years France,. 
Germany; Holland, America, and ourselves have been trying in titus respwt to] 
turn bur swords into ploughshares, but at the end of those five years,.we. 
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Europe, at all events, are reluctantly forced to confess that to-day a subsidy 
is still necessary to enable air transport to operate, except in unusual circum¬ 
stances, without a loss, and it is rather to justify that subsidy that I am speaking 
to-night. 

I will not enter into details as to the different national policies. It is suffi¬ 
cient to say that France and Germany, on the one hand, have been far more 
liberal in their support of commercial aviation and air transport than we, and 
that America, on the other hand, one of the leading business nations of the 
world, has absolutely refused to give any form of public assistance to private 
enterprise. America has been running an extremely efficient Government 
air-postal service for the last three or four years. In America there has been 
state control; in Europe there have been Government subsidies for privafe 
enterprise. 

At the end of these five years we find commercial aviation in Europe proceed¬ 
ing as marked on the map I now place on the screen. To take the British 
enterprises first, we are flying to Amsterdam and Berlin, through Brussels to 
Cologne, and through Paris to Basle and Zurich. These operations are now 
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carried out by one company—the Imperial Airways Company—subsidised by 
the British Government. Some of these services are run as often as three times 
a day, others only once a week. The French have some long routes besides 
their services to London and to Amsterdam; they have been flying right across 
Strasburg, Prague, Vienna, Budapest and Belgrade to Constantinople, together 
with a branch to Warsaw. Owing to various international squabbles that line 
is now in a state of suspension, because the Germans have forbidden them to 
fly from Strasburg to Prague, and the Turks have forbidden them to fly over 
Turkish territory. The French also have a most eflicient air service down the 
east coast of Spain to Morocco. 

German aviation is at present, again owing to international complications, 
largely confined to Central Europe. The Germans are fl3ang from Berlin to 
Amsterdam, and occasionally to London. They also fly from Frankfort 
to Munich and Geneva, and from Vienna to Budapest; and certain lines to 
the north, to Copenhagen and Helsingfors, are absolutely under German control. 

These developments in Europe have been considerably hampered by the 
fact that almost every nation, and particularly every small nation, looks 
upon air transport as a sort of military reserve. There is not much belief in 
it from the commercial point of view, and in consequence every nation wants 
to have its own aircraft and pilots, whereupon the position at once becomes 
impossible, because the only way—it is-obvious to everybody—to get air trans¬ 
port down to a solid commercial basis is to have standardisation of equipment^ 
methods of administration, and control over large areas. I think the history 
of air transport in the future will be very much the same as the history of 
railways. If you study the history of railways in England you will find that 
they started with a vast number of small companies, all of which were gradually 
absorbed until to-day we have only three or four great companies which have 
absorbed all the others. At the head offices of the Great Western, for instance, 
I have been shown as many as eighty *' scalps'*—that is, the seals and crests of 
old companies which the Great Western has absorbed in the past. That must 
happen with the air service in Europe. These companies must eventually 
come under one control, and we must try to ensure that this shall be, if possible, 
British control. 

You will realise from the map that France is the only country which has 
operated lines of serious imperial importance. She has connected up, for 
instance, through Spain to Casablanca, in Morocco—the biggest port in French 
Morocco—and this year she is going to take that line on to Dakar. The French 
are treating aviation as a means of imperial communication. They have adopt¬ 
ed a somewhat expensive form of subsidy. What it amounts to is that the 
Fi^nch commercial companies are encouraged to keep a large fleet and staff of 
I^ots; they are paid according to the number of aeroplanes and pilots that they 
keep in commission. The result is that they have a considerable number of 
pilots and aircraft in operation. 
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The Germans have another system. The policy of one of the big German 
firms is to try to start subsidiary companies in every country; to provide those 
companies with their fleet .complete in exchange for shares and perhaps a little 
cash, and to guarantee the repair of those aircraft at a standard rate in some 
central German factory. Thus it is hoped slowly to distribute German air¬ 
craft throughout Europe and perhaps the world. In this we have an interesting 
contrast with the French method. The French establish communications oi^ 
lines which will ensure a laige number of pilots and aircraft; the Germans, 
on the other hand, try to extend their exports and manufactures. 

* We have adopted neither method, and I think our plan is the best from the 
commercial point of view. We have made a contract with the Imperial 
Airwa}^ Company for ten years, on tYie understanding that they would fly a 
million miles every year, and a monopoly of subsidy within Europe was given 
to the Company on that basis. The subsidy totals £1,000,000 and is arranged 
on a sliding scale of decreasing payments over the ten year period. Beyond 
this, all we require, is that the personnel must be members of the Royal Air 
Force Reserve. The Company has absolute freedom as to where they operate 
in Europe. Our subsidy is less in total than that granted by our neighbours, 
but the scheme is such as to make the company concerned force commercial 
aviation on to strictly business lines, cutting their fleet down as much as possible, 
and getting the maximum possible work out of their machines, pilots, and 
mechanics. The result is that to-day, if you take the amount of money we 
and the French have spent, you will probably say that we have come out worse 
in numbers; but the fact is that if we go on as we are doing, we shall soon 
arrive at a point where our air transport pays its way, and arrive at it con¬ 
siderably sooner than these other people who are subsidised on a different 
basis. And if we can do that, we shall have the world at our feet; commercial 
aviation will never really succeed until it can dispense with Government sub¬ 
sidy and financial support. When it does that, it will boom in every part of 
the world, and if we reach a paying basis before our rival, we shall benefit 
greatly. 

What has been accomplished in these five years ? I have said that air trans¬ 
port cannot pay its way to-day. The reasons for this failure are two. In the 
first place, the public are not using air transport sufficiently; and, in the second 
place, the type of aircraft at present in use costs a little too much per ton-mile 
for real commercial success, except under special conditions. Before we can 
do without a subsidy, therefore, we have to make the public use air transport 
more than they do at present, and ^e have got to improve our design. On 
both these lines we are doing our best. Our first duty is to educate the public, 
to the use of aviation, and I am sometimes driven to think that we shall have 
tb wait until every one now over 40 years.of age, including m3rself, is dead before 
air transport oondies into its own 1 It is only the young and enterprising men. 
who will absorb it quickly and realise its possibilities. 
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In studying the question of the public’s requirements, I maintain that the 
first is safety, and the second reliability, together with some appreciable saving 
of time. Comfort in travel is also a necessity, and another condition is com¬ 
parative lowness of cost. All these the Government is striving to obtain, and 
in the money we are spending on research as regards commercial aircraft 
equipment and so on, these are the objects we have in view—safety, reliability, 
and economy. 

I will now give you some facts and figures to demonstrate the progress made 
since the end of the war, showing you in the first place one or two of the types of 
machines operating to-day, including the D.H. 34, carrying eight or nine passen¬ 
gers at about 90 miles an hour, and also the latest type of flying boat which is 
shortly going to be taken in service by Imperial Airways. I think the big 
fl3dng boat of the future is going to be one of the most important factors in 
the development of British air transport. 

The three requirements I have mentioned are safety, reliability, and economy. 
Take safety first. I place on the screen a record of the miles flown during the 
last five years and the actual number of accidents. 


Number of fatal 



Miles flown. 

accidents. 

1919 .. 

.. .. 100,000 

.. I 

1920 

.. 640,000 

.. I 

1921 

.. 225,000 

.. 0 

1922 

.. 717,000 

.. 0 

1923 .. 

.. 943,000 

.. I 

1924 .. 

.. 936,000 

.. I 

1925 (part) 

190,000 

.. 0 


Thus we have flown in regular air transport—these are regular lines flwng 
every day, not the casual" joy rides”—134 times round the equator and there 
have been only four fatal accidents. All these accidents were avoidable. We 
are learning by experience how similar accidents can be avoided in the future. 

Next take regularity. I will give you only one example. In 1924 Imperial 
Airways actually started 4,250 flights during the year, and only 7 per cent, were 
interrupted—5 per cent, by weather, and 2 per cent, by some medmnical 
defect, such as engine defect, entailing a landing to put things right. The 
weather in this country is just about the worst in the vmrld for aviation. The 
real enemy of air transport is bad visibility, and the further east we get, in the 
direction in which our big imperial communications extend, the easier will the 
weather c on dit ions become. Mechanical failures can be overcome by more 
experience, and by improvement in design and maintenance, • and we are 
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working hafd at that problem. I think that this 7 per cent, in about five 
years' time will drop to perhaps i per cent. On the one hand the greater 
stability of our new aircraft and on the other improvements in wireless navi¬ 
gation will enable us to fly in worse weather, whilst with the increasing 
reliability of our engines, unreliability through mechanical defects should 
disappear altogether. 

The next thing the public want is low cost and time-saving. I show a table 
of the services from London. The time saved between London and Paris is 
nearly 4^ hours; the difference in fares is £3; but it must be remembered that 
#>etween London and Paris there is a luxury traffic, and the prices are kept up 
because the traffic can be obtained at that rate. In the journey from London 
to Berlin 15 hours are saved, and the air traveller is charged only i8s. jd. 
extra. From London to Hanover the saving is 14^ hours, and the cost 12s. 
extra, and from London to Amsterdam, 9J hours, 12s. extra. Still, the public 
are not using these services as they ought to do, because they have not yet 
learned the great advantages travelling by air offers. Not only are you saving 
time by travelling by air but also worry and discomfort, and all the jostling 
involved in changing from the train to the steamer and vice versa. The air 
gives a very much higher standard of comfort. We hear a great deal about 
air sickness, but air sickness is vastly preferable to sea sickness, and I think 
we have discovered an aperitif by which, if it is taken beforehand, air 
sickness will almost invariably be staved off. 

The further you go the more you save in time, and the lower in proportion 
will be—at least, I think it very likely—the extra cost. The airship journey 
to India in the future may save ten days and probably the charge will be about 
the same as the first-class fare via P. and O. to-day. At the end of the war 
los. per ton-mile was stated roughly as the cost; to-day we have reduced it 
to about 4s. 6d. per ton-mile. Our trip to India the other day cost 2s. a mile, 
and the machine would have carried about 1,000 lbs. of paying load, with 
four hours' fuel, which works out at about 4s. 6d. a ton-mile. At the end of 
the war military experience had taught us that a pilot could be depended on 
to fly for about 200 hours in the year. fTo-day some of them have been flying 
1,000 hours in a year, and the average pilot flies 700 hours. Individual aircraft 
have done 2,000 hours in the year, and the average is 1,100, whereas during 
the war 250 hours was considered to be about the limit possible. 

My next slide gives some idea of the work that is going on. It shows the trips 
of the Imperial Airways fleet during a typical month. You will see that one 
Handley-Page has been 70 times between London and Paris in the month, and 
it has also been from Paris to Basle twice, and from Basle to Zurich twice. 
Other machines have made more varied jontneys. Properly administered and 
looked after, it is evident, that our system of subsidies drives the operating 
company to make the best use of theit aircraft, and if similar returns of either. 
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the French or the German companies were, examined, I do not think you would 
find anything to touch this in the way of obtaining work out of each individual 
unit of the fleet. We are now designing aircraft which will be more economical 
to run. We are hoping to get machines which will carry 5 lb. paying load 
per horse power in the near future ; the best to-day works out to about 4.3 lb. 

Public support is improving. I have here a table showing how the total 
transport across the Channel has steadily gone up during the last five years. 
In 1919 the passengers numbered 870; in 1923 they numbered 15,552. Last 
year there was a falling off because during the two most important months of 
April and May there was trouble with the pilots and all operations ceased. 
Freight is also going up ; it was 541 tons in 1924, and it will be very much more, 
I think, this year.. The peak of traffic has been steadily growing higher, though 
it is still very seasonal; it drops right down to nothing in the winter, and goes 
up in the summer. Accidents have their effect, but the public arc beginning 
to realise that aviation, like the railway, must have occasional accidents 
without being regarded as a dangerous nieans of transport. One of our prob¬ 
lems is to fill up the gap during the winter, when the traffic is so low. When 
the business man uses the air more, he will not be affected by winter or summer 
so much as the luxury passengers, and as the parcels traffic goes up the seasonal 
variation in load will be less accentuated. We are getting a most varied lot 
of freight in these days. On examining the Customs returns one finds every 
sort of thing coming over by air—ladies' hats, gramophones, eggs, chickens, 
boots, clothing, wine, drugs, flowers, samples of all sorts, solid gold, tobacco 
(in large quantities), and even motor bicycles. This shows that there is a 
considerable value in air transport as a means of carrying goods. 

All these cross-Channel operations start and finish at Croydon aerodrome. 
I show a photograph of Croydon aerodrome as it was about a year ago. Since 
that was taken, improvements have been made, and greater ones are projected. 
Presently we shall have a very big aerodrome of practically twice the size it 
is to-day. The policy has been agreed and a certain amount of money is 
going to be expended this year; but it will probably take us three years to 
complete the scheme. At the end of that time we ought to have one of the 
finest air ports in the world. The commercial companies working from there 
have to pay Government landing fees and rent for sheds, and that money goes 
towards the upkeep of the wireless and meteorological organisations and the 
general maintenance of the station. 

I cannot go further without mentioning airships. Airships arc not rivals to 
aeroplanes. They will take a very loading part in air transport in the future. 
I am of opinion that you should never fly less than, roughly, 1,000 miles in an. 
airship, and never more than a 300 miles stage in an aeroplane. The aeroplane 
is essentially suited for local traffic and short stages. If you fly long stages with 
an aeroplane you have to carry so much fuel that you reduce your paying load 
to an uneconomical amount. On the other hand, the airship, beiug full of gas. 



656 JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


June 5 , 19 SS, 


can support itself in the air, and uses all its horse-power for propulsion and 
can, therefore, cover far greater distances with an economical load. Generally 
the policy of the British Government is to organise an airship route to India. 
This is a view of R.34, a very old-fashioned ship, built from designs cribbed from 
one of the Zeppelins which came down in this country in 1916, therefore a 1915 
pattern. Her speed is only about 45 to 50 miles an hour, she has 1,500 h.p., 
and nearly 2J million cubic feet capacity. 

The new airships, one of which is being built by the Government, and the 
other by Commander Burney's company, are more than twice the size of R.34, 
with 3,500 h.p.; they carry 100 passengers in comfort, all in two-berth cabins, 
with a dining room containing, I think, 50 seats, and a lounge containing 100. 
They go at a speed of 70 to 80 miles an hour. R.33, the other day, was good 
enough to prove that all we had said about the safety of airships was true. The 
ship of the future will be specially designed to be anchored to a mast twice as 
high as that from which R.33 broke away at Pulham, and instead of the passen¬ 
gers having to walk up a perpendicular ladder, they will be taken up in a 
comfortable electric lift, they will enter the airship through an opening in the 
nose, and will never realise that they are high in the air at all. 

So far I have tried to prove to you that air transport is going to be a practical 
commercial proposition. We, as a nation, have certain disadvantages at home 
and certain great advantages abroad. England is rather a hopeless place for 
air transport. We are right on the edge of Europe; no one wants to cross us to 
get somewhere else; our climate is bad; our railways are good. But take 
Germany or Czecho-Slovakia. Germany has got a large area, a central 
position—^people want to cross Germany from all sides—and I do not think 
her railway communications are nearly as good as ours. The same applies 
to Czecho-Slovakia. 

But when we look round the world, we find that we have greater advantages 
than anybody else. If we compare the British Empire with the United States, 
we find ourselves coming out top every time in the distances we have to cover, 
and that is the great objective of air transport—the shortening of time for long 
distances. The United States have started right in on business-like lines. 
They refused to have anything to do with subsidising private business, and their 
Post Office began by carrying mails from New York to San Francisco. The 
mails took two days to get across. They did not charge the public anything 
extra for air postage. Now they have oig[anised the centra .1 stretch of this 
transcontinental journey for night flying, which shortens the journey to 36 
hours, and they are beginning to demand a surcharge from the public. 
They believe that the public have become educated now to the point of 
insisting on air mails, and will be willing to pay the new surcharges. 
They are going to do 2,700 miles in 35 hours, and the average time by 
train is about 100 to 120 hours. That is where America scores over 
ViSjf^oAax as the British Isles are concerned. She has got that wonderful extent 
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of country, she is not troubled by the international complications which &ymg 
across Europe involves, and she has a good climate for flying. 

In the British Empire the bright spot is Australia. The map on the screen 
indicates what they are doing in Australia to-dtiy. The most interesting route 
is Perth-Derby, along the coast of Western Australia, 1,500 miles in 2J days 
(they do not fly by night), while the steamer takes anything from a week to 
ten days. Contracts are being called for already to connect Adelaide with 
Perth. You may say that Australia is already stretching out friendly hands 
towards us on her western coast. 

What is our greatest failure in the British Empire ? It is that we have too 
many people in this country, and too few in our Overseas Dominions. Here 
we are overcrowded and have a million people not fully employed; there they 
are sparsely populated and are calling for men. The only remedy for this 
unfortimate state of affairs is to improve our imperial communications. To 
that end every form of transport is necessary. We want more railways and more 
shipping, but aviation is going to play a large part in this development, and it 
can be the advance guard of other forms of transport. It can quicken the mail, 
and it can make possible visits of negotiation and investigation, which will 
stimulate business of every sort by saving time in communication. I show a 
map which may seem to be somewhat fantastic, illustrating the fact that through 
airship services from London to Australasia and to Durban, New Zealand will 
be brought somewhere near Somaliland in respect of time taken to travel, 
India will be where Egypt is, and South Africa somewhere near French Morocco. 
All great empires have depended on their communications for their existence— 
the Romans on their roads, and we so far upon the sea—and those empires which 
have gone down owed their eventual collapse to the fact that their commimica- 
tions became overstrained. It is only by improving our communications that 
we can develop imperial trade as we ought, can avoid misunderstandings and 
loss of touch, and promote mutual co-operation. 

I am just back from reconnoitring one small stage in imperial conununications, 
that between England and India. There are many ways of getting to India. 
The way we actually followed was through Berlin, Warsaw, Bucharest, Con¬ 
stantinople and so to Karachi, and then across to Rangoon; and we came home 
via Constantinople, Belgrade and Vienna. I have alwa}^ been an optimist, 
but I did expect some difficulties. These difficulties, however, proved far 
smaller than they had appeared to be from a distance, and I came back a 
greater optimist than ever. From the operational point of view there is nothing 
to prevent a regular service between London and Karachi. There are no 
serious difficulties an5rwhere on that route, except possibly where the moun¬ 
tains must be crossed, in fact it is an extraordinarily easy route. We had very 
bad weather as far as Bucharest, but once past Bucharest we never thought, 
about the climate until we got back to Vienna; we ran just as a*railway train» 
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and were never once delayed by weather from Bucharest, wwards on the way 
out and back until we reached Prague on the way back. One of the things that 
struck me more than an3^ing else the absolute absence of fatigue. It 
is really true that the more .1 .was* in the ^ the fresher I felt. There was nothing 
of an adventure about this journey. We had a certain number of difficulties 
simply because the route is not yet organised. The whole enterprise was much 
easier than anyone realises. It is merely a question of finance as to how soon 
it will become a really successful commercial proposition. 

Our prosperity in the past has been due to the fact that we have been a nation 
hi seamen. I feel that now we have to become a nation of airmen, if we are to 
keep our place in the world. The British man is particularly well suited for 
the work of a pilot; in fact, our pilots are better than any others. Beyond 
this, we must build aircraft just as we have built ships in the past. It is only 
thus that we can create a race of pilots and develop our aircraft constructing 
industry on really efficient lines. It is no good saying " Wait and see." We 
can only learn by experience, and only by operating are we going to get what we 
want. When once air transport pays its way it is going to boom in every part 
of the world. The moment the business man realises that he can make money 
out of air transport he is going for it tooth and nail. As a result there will 
be an enormous demand for commercial aircraft, and the country which gets 
the orders is going to have a very fine industry indeed. That time is not so far 
off as a great many people think. A representative of Mr. Henry Ford came 
over recently to see me and other people in Europe, and he said that under 
American conditions they could produce aircraft to-day which would pay its 
way, that is, of course, in a country which has the advantages of good climate, 
large distances, and big populations. As a business man Mr. Henry Ford is 
going to plunge into that, and Mr. Ford is certainly no fool. We must keep pace 
with other people, and see that we get a fair proportion of the world's aircraft 
orders. 

Then we must realise the fact that once we establish a great aircraft manu¬ 
facturing industry, we shall automatically create a great reserve of pilots, 
factories, designers, and everything we want in the case of a national emergency. 
This industry will represent far greater resources than any standing Air Force 
we could afford to maintain. We do not want war. Aviation has made war 
more horrible than ever it was before. Sir Hugh Trenchard said the other day 
that he would like " to abolish the air." Well, I would not go so far as that. 
But the Briti^ Empire from the military point of view would be infinitely 
better off without aviation, for by reason of its advent we have lost the {Hrotec- 
tion of the Channel and we have lost our isolation. All I would plead is that as 
we h^ave to face the unpleasantness of aviation, we should grasp the good things 
l&at it can give us, md make real use of it in binding our Empire together more 
firmly and more siiicerely than it has ever been bound before. 
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TABI-E I.—British Civil Aviatio? . 
(Excluding joy-riding). 


. 

Period. 

Machine 

Flights. 

Machine 

Mileage. 

Passengers 

Carried. 

Carhd 

Carried. 

May, igio-December, igu) 

467 

104,000 

870 

(Tons) 

35 

January, igzo-December. ig2o ... 

2.S54 

644,000 

5.799 

J20 

January, 1921-December, 1921 ... 

993 

225.000 


43 

January, I922-December,*i922 ... 

3/>-25 

717,000 

‘ io ,::93 

l^l 

January, 1923-Decembcr, 1923 ... 

4 . 7^5 

943,000 

* 5 . 55 ^ 

3-»6 

January, 19^4-December, 1924 .. 

4 .« 92 * 

936,000* 

I 13,601* 

. 541 * 

January. 1925-April, 1925 

99 ot 

I 9 o,ooot 

! 2,ocot 

i 33 t 

Total 

iH.5«6 

3.759.000 

’ 53.471 

L 3 «i 


♦ These represent only loj months* actual operationp, as sct\ ices were sus]:i ndcd 
during April and the first part of May. 

t Approximate figures. 


TABLE U.— Fares and Approximate Times by Ordinary Means of Transport as 
Compared with Air Transport. 



Time by 

Time bv 

Tst Class 1 

1 








ordinary 

1 Air 

single fare 

1 Single fare 

Time 

Ditference 


Trans- 

1 Trans- 

by ordinary! 

by Air 

saved by 

in Fares. 


port. 

1 port. 1 

1 Transport.! 

! Transport. 

Air. 





Hours. 

Hours. 

■ £ 

s. 

d. I 

! £ 

s. 

(1. 

1 ni rs. 


S. 

d. 

London-Paris 

7 

> 1 
“ 2 


5 

0 

0 

(y 

0 

«1 

3 

I 

0 

London-Paris-BasI e- 





1 

1 







Zurich 

19I 

8 

5 

17 

0 ! 

9 

0 

0 

11^ 

3 

J 

6 

I .ondon-Brussels 

71 

, 1 

1 - 2 

3 

4 

0 i 

4 

4 

0 

1 •*> 

I 

0 

0 

London-Cologne 

15 

! 3 { 

3 

17 

6 1 

6 

0 

0 

! iij 

2 

2 

6 

London-Amsterdam ... 

12 

' 

3 

8 

0 , 

4 

0 

0 

i 


12 

0 

London-Hanover 

20 

5} 

5 

13 

0 1 

(> 

5 

0 

14* 


T2 

0 

London-Berlin 

22 

7 

; 7 

1 

10 : 

8 

0 

0 

*5 


IS 

2 

Southampton- 





1 

1 







Guernsev 

64 

1 

' 

! 

3 

C) ' 

3 

0 

0 

4 i 


16 

6 

1 

1 

7b 


4 

8 


An average of about 3s. 3d. extra co.st for each hour saved, not counting the fact that the 
journey by air saves appreciably in tips, taxis, meals, and sleeping berths. 


DISCUSSION. 

Major C. C. Turner remarked that he could only agree with nearly everything 
the author had said, and he would mucli rather leave any discussion To the several 
transport experts present. He thanked the author for his inspiring remarks. 
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Captain Alfred Instone congratulated the Society on the lecture, whose author 
had just recently certainly made history in commercial aviation. His object had 
been to create a greater public interest in that subject. As one who had had some 
experience in connexion with it the speaker felt that the greatest danger with which 
civil aviation had to contend was public apathy. There was assuredly no greater 
advocate of aviation than Sir Sefton Brancker. Since he entered upon his office 
Sir Sefton had been the greatest tonic that commercial aviation in this country had 
ever had. But the speaker had always thought that if only Sir Sefton were outside 
the Ministry his criticisms would awake everybody. He remembered Sir Sefton 
several years ago as an outstanding critic who, notwithstanding the figures and 
plans he had produced that evening to show the progress of aviation, could, no 
doubt, to-day, if he were outside the Ministry, equally prove by figures 
and plans that there was still much to be done before it could be said 
that all was well with commercial avid^ibn. The speaker felt that sufficient 
tribute even at this stage had not been paid to Sir gefton for his 
wonderful journey to India. That was a landmark in this country's air 
history. It surprised him to hear Sir Sefton say that the trip was plain 
sailing from one end to the othei. He felt that, in view of the problems which 
arose in making these journeys, he had gilded the pill in this respect. There 
were one or two things which worked out to the disadvantage of civil aviation. 
One was the number of accidents which were taking place in R.A.F. work to-day. 
When the public heard of '* air crashes " it did not discriminate between military 
and civil aviation. The sooner the public realised that these accidents had nothing 
to do with civil aviation the better. The task before Sir Sefton Brancker could not 
be improved by these European squabbles, which impeded the progress of routes 
through the Continent tb-day. He thought that the public should back up any 
action that might be necessary in this country, so that British machines could cross 
Europe without difficulty and without international entanglement. It was a 
Government necessity that the obstacles placed in the way of aviation progress 
should be overcome. 

Mr. R. 4 -Ababrelton said that he had heard Sir Sefton Brancker about a year 
ago, when he thought him an optimist, but he was a greater optimist still on the 
present occasion. The speaker was one of those who believed that the British 
Empire must be kept as an entity, and that everything that could be done to 
bring together the different nations that belonged to the Empire was of great 
benefit, not only to the Motherland, but to the Empire as a whole. One could see 
plainly that aviation was drawing together the different portions of the Empire in 
a way in which they had never been drawn together before. It was a great imperial 
service to assist the progress of aviation, not only in its commercial aspect, but as 
something strongly binding together the scattered portions of the Empire. 

Mr. F. Handley Page, C.B.E., thought that Sir Sefton Brancker was to be 
congratulated on still being an optimist, because progress seemed terribly slow to 
those interested in aviation and those who desir^ to see the general public take a 
greater interest in it. Sir Sefton’s map of air routes in Europe, in Australia and in 
other parts of the world seemed to have remained very stationary during the last 
two or three years, though, happily, there was not retrogression. But when one 
looked, at the number of passengers travelling on the London-Paris route and the 
proportion of these who travelled in British machines, it was sad to find that the 
number in 1924 was no greater than it had been in 1922, whereas the number of 
passengers by French machines was steadily increasing, Another deplorable 
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feature was the big dropping off in traffic in the winter months. He believed the 
real fact of the matter was that during the winter time, under present technical 
conditions, it was not possible to drive a sufficient number of times in daylight to 
carry the necessary load. Again, the parcel traffic between London and Paris was 
only obtained by carrying parcels at a figure which, if a passenger could go as a 
parcel, would represent something less th3n the first-class railway fare between 
the two cities. The greatest difficulty of all lay in the fact that we were not so 
very far removed, from the point of view of progress, from the war days, with their 
old machines. At the present time he thought there was extraordinarily little 
incentive to progress in the design of commercial aircraft. He said this with very 
great regret. If a manufacturer of aircraft to-day desired to do something for 
commercial aviation and designed a new type of aircr^t he might, if he was fortunate, 
have an order for one machine ; if he was still more fortunate, for two ; three or 
at the utmost six would represent his highest hopes. The order was not of that 
magnitude which would help to relieve the vast amount of unemployment existing 
in this country. On the other hand, a successful military design might produce an 
order for fifty or one hundred machines. It was inevitable, therefore, that the 
manufacturer should turn to the mammon of unrighteousness in the shape of 
military aviation rather than to civil. That led the speaker to the point that, after 
all, the French system of subsidy was not such a bad one when one considered that 
it was not merely operational function that had to be undertaken by civil aviation, but 
the development of machines for the time when a subsidy would no longer be nec¬ 
essary. What one wanted to aim at to-day was a new fleet every year with new improve¬ 
ments, marking a stage forwards towards a cheaper machine. The French under 
their system legislated that machines should only fly 200 or 400 hours, and that was 
found to pay. He admitted that it was a most laudable thing and one worthy of 
congratulation when a machine was able to do two thousand hours of flying, but 
it had the disadvantage that while these records were pursued no new machines 
would take the place of the old ; neither did the operational companies desire any 
new machines. The present subsidy conditions in this country were to a very large 
extent stultifying the development of progress in commercial aviation. He added 
that it was with a feeling of regret that in the presence of one (Sir Sefton Brancker), 
who was confessedly an optimist, he appeared in the necessar>’^ though disagreeable 
r 61 e of pessimist. 

Wing-Commander T. Cave-Brown-Cave, C.B.E., suggested, with a view to 
securing a larger measure of public interest in civil aviation, that visits to Croydon 
should be encouraged. He could confidently recommend a visit to Croydon as 
being “ one of the best shows going ** of its t3rpe. 

Colonel W. A. Bristow said that the whole point in civil aviation was that 
while the factor of safety had been brought up to the necessary high level, the actual 
cost of carrying a passenger remained greater than the amount that a person could 
aflord to pay for being carried. Consequently, any increase in the number of 
passengers must for the moment hamper any company, which was bound to look at 
its balance sheet. If a private company with its shareholders to consider was 
entrusted with the task of developing imperial aviation it was being given some¬ 
thing to do which was almost beyond its strength. As Mr. Handley Page had 
pointed out, it was far too early as yet to settle down to the use of standard 
equipment, and the rate of development to-day was really very much greater than 
was being put into effect in the field. It was difficult to see how th^ problem was 
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going to be met. Other countries, undoubtedly, were thinking along very different 
lines. The German Government was fostering a company in Germany which, by 
running in other countries what was practically a transport development branch, 
had succeeded in placing in service 150 machines. Obviously the rate of attrition 
and demand under such conditions must be such that progress on the technical side 
would be a great deal quicker than in this country, where we were still using machines 
which were actually put into service in 1922. As the rate of reduction of the cost 
of carrying passengers was so very slow, h^ thought the time had come when Sir 
Sefton Brancker should seriously consider the whole question and devise some 
scheme whereby a programme of research could be put into operation having for 
its sole object the reduction of the cost of transport by air. To refer to one or two 
small details, he was rather struck by the proposal to make Croydon into a very 
l|rge aerodrome. He thought that a somewhat dangerous proposition. If the 
manufacturers and designers of machines in this country got it into their heads 
that they had to design a machine which could be operated at Croydon, difficulties 
might arise at many of the other aerodromes which it was necessary for them to use, 
and which were decidedly worse than the present Croydon aerodtbme. One of the 
first duties of the International Technical Commission would be to agree upon the 
size of aerodrome for international use. * . 

Mr. a. E. Parnacot'J’ felt that aviation in this country had been practically at 
a standstill since the war. He thought that if only the individual had more liberty 
and was encouraged, machines would be forthcoming which would not require 
large aerodromes for landing. The danger of mechanical failure, entailing a false 
landing and turning turtle and crashing of the machine was rather present to the 
mind of the prospective user of aviation facilities. He made some suggestions for 
the construction of machines so as to obviate landing trouble and decrease the land¬ 
ing speed. He was also of opinion that more encouragement should be given to 
designs of machines not only suitable for carrying large loads, but suitable for 
individual ownership. More might be arrangeef to promote the production of 
machines due to individual initiative. 

Sir Sefton Brancker, in his reply, said that he thought some of the critics really 
agreed with him, although they tried to disguise their agreement. Captain Instone 
was very flattering; he had described him as an enthusiast, and had suggested what 
he might do if he (Sir Sefton Brancker) were not in an oflicial position. But the 
fact was that if he (Sir Sefton) took on business he would probably starve within a 
year ! Some kind things had been said about his trip to Rangoon, but he had played 
for safety the whole time, and he had, perhaps, the finest pilot for that sort of work 
that could be found in the world ; also a wonderful mechanic. The only time he 
avoided “ safety first ” they proved how safe it was, and that was after being bottled 
up in Prague for two days by reason of snowstorms. They pushed off through 
South Germany in a snowstorm, and presently, being unable to see in any direction, 
found themselves compelled to descend. There could not have been a nastier 
bit of country to find a place for landing, but the landing was accomplished perfectly 
safely on the top of a hill, and he did not think they ran twenty feet on touching 
the earth. He only gave that as an indication that on the one occasion when 
they did not play for ‘'safety first" they got into trouble, and even then were 
not in danger. 

Captain Instone had mentioned the accidents to the training officers of the Air 
Force. In. Parliamentary fashion, he would " need notice " of the question that 
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Captain Instone had put to him in this particular. But he would merely say that 
no one was deterred from learning to ride because a few people broke their necks 
steeplechasing. European squabbles were indeed a most awful nuisance ; he 
would only claim that they kept him fit and busy. With regard to the Empire 
it would certainly be a great thing to shorten up imperial communications. Take 
his own case, in sixty"days* leave he was practically coi^ned to Canada and America, 
but with the air service fully in being a man in sixty days* leave would be able to 
visit Australia, even New Zealand, Burma, and South Africa. 

Mr. Handley Page was a professional pessimist. He would only say, as furnishing 
possibly some explanation of Mr. Handley Page's point of view, that three years 
ago Mr. Handley Page was deeply interested in the purely transport side of aviation ; 
to-day he had left transport and was now manufacturing aircraft. Thus he had 
got an entirely diflferent outlook. With regard to his point about passenger 
traffic, he was afraid that the passenger traffic between London and Paris was a 
luxury trade. The Paris service had been running steadily since 1919 ; the other 
services were only at the moat about two years old, and one could not really gather 
the trend of things yet. He did not think there was a real drop in passenger traffic 
in 1924. The decrease as compared with 1923 was due to the fact that in April 
and May—most important months—the traffic was interrupted by the entirely 
adventitious circumstance of a dispute with the pilots. He wished to emphasise 
that in his view the short routes, to Paris and Brussels, and even Cologne, were 
purely experiments, from which data and experience were to be gathered which 
could be applied to impeidal routes. He had desired to accentuate the comparative 
unimportance of what was being done at present. It was the imperial communica¬ 
tions which were going to lead to big things in air transport. In reply to further 
points by Mr. Handley Page, we were getting to a stage at which flying by night 
would be possible in winter. The process of obtaining perfect regularity was going 
to be a slow and difficult one, and it was really a matter of time, brains and money 
spent on technical development. The development of commercial aircraft was 
an extremely difficult problem. His own view was that the Government was being 
very liberal in the money it provided for experimental commercial aircraft, and 
he did not think that the designers could complain of Government apathy, but 
with one or two exceptions the people who produced aircraft would not face up 
to the problem because they did not see the money in it in the way of orders. 

Wing-Commander Cave-Brown-Cave had put forward a very good idea, and he 
(Sir Sefton) would cordially extend an invitation to any meml^r of the Society to 
visit Croydon, or, if an exp^tion were organised, he would see that there were those 
present who could take the visitors round to see everything. 

Colonel Bristow completely forgot the Chancellor of the Exchequer, who had 
little sympathy with air transport. With regard to large aerodromes, there were a 
great many very good aerodromes in Europe, and most of the bad ones could be 
very easily improved. 

The last speaker was certainly one of the pessimists. The answer to his point 
about machines turning over was that they did not turn over. He agreed with his 
point about individuad initiative. 

In conclusion he thanked the Society very heartily for the way in which his paper 
had been received. 

The Chairman called upon the meeting to express formally, but pone the less 
heartily, its thanks to Sir Sefton Brancker, and the motion was carried unanimbudy. 
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MEETINGS OF THE SOCIETY. 

Indian Section. 

Friday afternoon, at 4.30 o’clock :— 

June 12.— Brigadier-General Sir Percy Sykes, K.C.I.E., C.B., C.M.G., 
“ The Heart of Asia and the Roof of the World." The Rt. Hon. Lord Lamington, 
G.C.M.G., G.C.I.E., will preside. The paper will be illustrated with Special Coloured 
Lantern Slides. 

Dominions and CoIonibs Section. 

Thursday afternoon, at 4.30 o’clock :— 

June i8.—Hon. W. G. A. Ormsby-Gore. M.P., Under Secretary of State for the 
Colonies, "Some African l^blems." The Rt. Hon. J . H. Thomas, M.P., will preside. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Monday, June 8 . .Goognphical Society, 135. New Bond 
Street, W. 8.30 pjn. Colonel C. H. D. Ryder. 

The Demarcatioii of the Tiizco'Penian Boundary 
in X9Z4.'' 

Cbemkal Industry, Society of (London Section), at 
the Chemicel Society, Burllngtoa House, Piccadilly, 
W. 8.Z5 pjn. Annual Meeti^, Messrs. A. E. 
Pa netM^. B ^ Thole end W. H. Tnoinaa, ** CoUoidics 

Fezedey Society and the Ircm and Steel Institute, 
at the Instittttica of Civil Enaineeis, Great George 
StreeL S.W. 3*30 pJn. (x) Sir Robert Hadfield, 
Introductory Address, (s) Mr. A. MoCanoe, ** Balance 
Reactions in Steel Manufacture.*' (3) Mr. J. B. 
Fexgueoo, ** Equilibria in Systexns involving Ferrous 
Oxide." (4) Mr. P. MacNair, " Slag Reactions." 
(3) Mr. T. P. Coloough, " A Study of the Reactions of 
tM Bttic Open Hearth Furnace." (6) Mr. J. H. 
Whiteley, "llie Function of Ferric Oxide in the 
Acid aad Basic Open Hearth Processes.** (r) Mr. 
F. T. Sisco," The Cnemical Reactions in Basic Electric 
Piocess." (8) Mr. W. J. Rees, ** The Micro^azoina^ 
tion of Steel Making Refrac^es." (9) Mr. A. L. 
Feild, ** Physioo-Chonical Phenomena from Melt to 
Ingot." 

Uoiveraity of London, University College, Gower Street, 
W.C. 5.30 p.m. Profs. A. V. Hill and J. C. 
Drummond, " Biochemistry, (^ture VI.) 

At King's CoRme, Strand, W.C. 3.30 pjiL Dr. 
R. Dyboiki, New Pmand." (Lecture VII.) 
At the London Day Training College, Southampton 
Row, W.C. 3.30 pjn. Dr. G. Dyson, ** The 
Evolntion of lutmxnental Music.*’ (Lecture III.) 


Royal Institotioo, Albemarle Street, W. 3 pjn. 
General Monthly Meeting. 


Tuesday, June 9..Aikthropologictl Institute, 33, Upper 
Bedford Place, W.C. (Indian Section.) 4.30 p.m. 
Bkho|> Whitehead, "Anthropology in the Minion 

g Ktoa n^Mee^^l^ 8.15 pjxL Paper by Khan 


Colonial Inatitnte^ Hotel Victoria, Northumberland 
Avenue^ W.C. 8.30 pjn. Air Vice-Marshal Sir 
Sefton Btaneker, " Imperial Air Routes to India 
and Anttiidia.** 


rmns {Unstinting method of fumigating Citrus Tm 
in Egypt. ( 3 )Mr. A. Glbm, Ex^ition of Filins 
■howmg methiodi of combating. the Europe Com 


borer in Canada. (5) Cimt B. W. Shaim, Exhibition 
of Films taken on Doim the ** Salpa *' at Plymouth 
(^Prof. J.P. HiUaiidMr.A.SiibbaRaii,Bxhibitoo 
of Develonnental Matniel of the Skaaer Lemnr 
iLerts gnmU^ recently obtahied' from Scntfa India 
U) Hr. 4. Simba Ran, "Contiibatioos to our Know- 
noge ^ ^ Straotnre of the Placenta of MnetaUds, 
Scinzldn.'* (6) PmL D. M. S. Watson, 
** 1 ha iMraotoie of oemm Pa lnoni a nkl a and the 
Ri ii tinmWp a of that Group other Bony Fish.** 


(7) Dr. H. H. WooUard. " The Anatomy of Temus 
spectrum.** (8) Mr. J. R. Baker, " A Coral Reef in 
tne New Hebrides." (9) Dr. J. Stephenson, 
** Oligochota from various Regime including thme 
coUected by the Mount Everest Expedition X934.’* 
(10) Messrs. C. R. Naiayana Rao and B. S. Ramanna, 
" Note on the Conus Arteriosus of some Genera of 
Engystomatidffi and certain Examples of Ram and 
Bujo (Batrachia.)** 

University of London, at King's CoUege, Strand, W.C. 
5.30 p.m. Rev. J. K. Mozley, "The Doctrine of 
God.’^ (Lecture III.) 

At the Lemdon School of Eccmmnics, Houghton 
Street, Aldwyc^ W.C., 5 p.m.. Prof. G. CaBsel 
" Fundamental iWights in Economics." (Lecture 1 .) 
Lectures 11 , III, IV on June xoth, xith, rath. 

Wednesday, June zo. .Geological Society, Burlington 
House, Piccadilly, W. 5>io pjn. 

University of London, at King’s College, Strand, W.C. 
5.30 p.m. Mr. J. L. Evans "Economic Aspwts of 
tM Eastern Question in the Nineteenth Century.** 
Thursday, Tune ii.. Royal Society, Burlington House, 
PiocadiUy, W. 4.30 p.m. (Croonlan Lecture.) Prof. 
W. Magnus " Animal Posture.**. 

Linnean Society, Burlington House, PiccadiUy, W. 
5 P-m>< 

Historical Society, 23 , Russell Square, W.C. 5 p.m, 
The Alexander Prize Essay. 

Antiquaries, Society of, Burlington House, PiccadiUy 
W. 8.30 p.m. 

Chadwick Lecture, in the Chelsea Physic Garden, Swan 
Walk, Chelsea, S.W. 3.15 pjn. Sir Daniel HaU, 
" The Sources of the Fruit and Vegetable Supply of 
London." 

University of London, University CoUege, Gower Street. 
W.C. 3.30 p.m. Prof. £. C. Gardner, " Mazzini 
as PhUosopher ProDbet." 

At University College Hospital Medical School. 
3 p.m. Dr. J. Hay, "Carmology." (Lecture I.) 
(Lecture 11 on the zam June.) 

At King's College, Strand, W.C. 6.30 pjn. Dr. 
O. Vocadlo, "The Czechoslovak Republic To-day." 
(Lectuze VIII.) 

Friday, June za..Institut Franyais du Royaume uni. 
3, CromweU Gardens, S.W. 3 p.m. M. Lafourcade 
" MaUazm£ et les Chapelles Symbolistei.** 
Astron o mical Society, Burlington House, PioetdiUy 
W. 5 pjn. 

Makoologica] Society, at the Linnean Society, Burlington 
House, PiocadiUy, W. 6 pjn. 

Physical Society, at the Impeifol College of Science and 
Technology, South Kensington, S.W. 3 pjn. (z) 
Dr. G. Tenmle, "Maas andEne^." (a) Memn. 
B. Tyler and E. G. Rkhardaon, " The Cbazaeteriatic 
Curves of Liquid Jeta." 

Royal InstitutioD, Albemarle Street, W. 9 pjn. Sir 
WiUiam F^, *^ Faraday as a Chesoist.’* 


Saturday, June zs. .Inatitut Frangais dn Royaume Uni, 
3, CromweU Gazdeni, S.W. 3 pju. Comte Serge 
Ileax^^." Le Payaan, Personnage litUiaire et BUment 


Mhsioiaot, Society of, University CoUeje, Gower Street. 
W.C. 6 p.m. Mr. W. Starmer, " Bells---Gieat ana 
Smaa** 
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NOTICES. 

NEXT WEEK. 

Thursday, June i8th, at 4.30 p.m. (Dominions and Colonies Section.) 
Hon. W. Ormsby-Gore, M.P., Under Secretary of State for the Colonies, 
“ Some African Problems."' The Right Hon. J. H. Thomas, M.P., late 
Secretary of State for the Colonies, will preside. Tea and coffee will be 
served in the Library from 3.45 p.m. 


VISIT TO CROYDON AERODROME. 

At the Ordinary Meeting held on May 6th last, when Air Vice-Marshal 
Sir Sefton Brancker read a paper on " Commercial Aviation," a suggestion 
was made that Fellows of the Society might like to visit the Aerodrome at 
Croydon. Sir Sefton Brancker communicated the proposal to the Air Ministry, 
who have intimated their readiness to receive a party of twenty Fellows 
at the Aerodrome on Thursday, June 25th, and a similar party on Friday, 
June 26th, at 3 p.m. 

Fellows of the Society who desire to avail themselves of this invitation are 
requested to communicate at once with the Secretary of the Royal Society 
of Arts, John Street, Adelphi, London, W.C. 2. In doing so they should 
state whether they will be able to attend on either day. 

The number of visitors has to be strictly limited so as to permit of those 
who accept the invitation being shown over the Aerodrome. 

' Tickets of admission will be issued in the order in which applications are 
received. 

GASES FOR JOURNALS. 

At the request of several Fellows of the Society, cases have been made 
for keeping the current numbers of the Journal They are in red buckram, 
and will hold the issues for a complete year. They may be obtained post free, 
for 7s. 6rf. each, on application to the Secretary. 
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PROCEEDINGS OF THE SOCIETY. 

TWENTY-FIRST ORDINARY MEETING. 

Wednesday, May 13TH, 1925. 

(Joint Meeting of the Royal Society of Arts, the Royal Aeronautical 

Society and the Anglo-Batavian Society.) 

Major-General Sir Frederick Sykes, G.B.E., K.C.B., C.M.G., M.P., 
in the Chair. 

The Chairman said that he had very great pleasure in welcoming Mr. Van der 
Hoop, a pioneer in long distance flying. At the outbreak of the war, Mr. Van 
der Hoop was a student at the University of Amsterdam. During the war, A^en 
the Dutch Army was mobilised, he obtained a commission in that Army; after 
the war he became a pilot in the Royal Dutch Air Service, and for two years he 
flew as a pilot, inter alia, between Amsterdam and Croydon. The Chairman did 
not propose to paint the lily by endeavouring to add words of appreciation of 
a flight, the complete success of which recorded its own splendid history; but 
he wished to assure Mr. Van der Hoop and all those Dutch ladies and gentlemen 
in the audience that this success had been no less welcome in British aviation 
circles than it had been in Holland. In byegone times the whip and broom at 
the masthead had been the emblems of the navigation relations of our two countries. 
In air navigation, on the other hand, we had ever-increasing co-operation, friendship 
and affection. 

There were a number of men present that evening who for years had been working 
and preaching in different capacities, but with equal zeal, on the problem which 
Mr. Van der Hoop had done so much to advance—the harnessing of the air to 
pacific purposes. Our aerial relations were established during the war, and there 
were many in this country who, when circumstances interned them in Holland, 
learnt to love it and its people for the great kindliness and hospitality which they 
received. 

The Netherlands Government was one of the first after the war to give civil 
aeronautics their chance, and when the speaker visited the great aeronautical 
meeting at Amsterdam in August, 1919, he met more than one who had come to 
scoff and remained to pray. Nor had we in this country forgotten that an in¬ 
dispensable factor in the flight of Ross and Keith Smith to Australia was the 
assistance they received from the Dutch East Indies. 

The Netherlands Government had afforded a practical link throughout the 
past six years between those who had and those who had not seen their way to 
join the International Convention of Air Navigation—a link without which inter¬ 
national air transit must have tended towards a state of chaos. 

We were very grateful to Mr. Van der Hoop for visiting us so soon after his great 
success. 

The paper read was:— 

THE FLIGHT TO THE NETHERLANDS EAST INDIES. 

By Thomassen A Thuessink van der Hoop. 

The year 1924 has been characterised by the number of long flights. As 
a matter of fact, since the war, many people have continually tr‘ed to make 
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long-distance flights, and the man who gave the initial start was certainly 
Sir Ross Smith, who made his famous flight from England to Australia in the 
winter of 1919-1920. In the history of aviation the year 1924 will be marked 
by theflight round the world, theParis-Tokioflightby Pelletier Doisy, the Lisbon- 
Makao flight of the Portuguese and the flight round Australia. As one of the 
causes of this tendency we may regard the improvement of the machines and 
engines which gave the aviator a better chance of success. Another cause is 
certainly the attempt of several countries to make a closer link between their 
colonies, and this cause becomes stronger as the general economical state seems 
to improve. 

Shortly after the war the idea was conceived of making a flight from Holland 
to the Dutch East Indies, and the Dutch-East-Indian Government promised 
a prize for the first Dutch crew who succeeded in flying to the Indian archi¬ 
pelago. General attention was still more drawn to this flight when Ross Smith 
passed the Dutch East Indies during his flight. In Holland as well as in 
the Indies several schemes were made both by the naval and the military 
flying services. Some of these had a good chance of success and elaborate 
preparations were made. Owing to lack of financial help and political 
difficulties, however, all these schemes had to be given up. 

In the meantime the Dutch air-traffic developed gradually notwithstanding 
the unfavourable economical conditions, and steadily the number of passengers 
grew as well as the amoimt of goods and mails transported. At the same time 
the number of airlines increased. 

In this way it was evident that public attention was drawn to air traffic in 
the Indies as well. The vast Indian archipelago covers a distance equal to that 
from Portugal right eastwards to Siberia, and is a country of immense wealth 
with more or less unsatisfactory means of transport and with a climate which 
makes it specially adapted for air-traffic. 

The aeroplanes developed in proportion to the air-traffic. At first converted 
military machines were used, with a very small loading capacity and a high 
petrol consumption that made air-traffic anything but a pa5dng proposition. 
Moreover, there was little comfort for the passengers. The Fokker works, 
which had gone very seriously into the construction of traffic machines, started 
with their famous series, F-machines. The first of these, used by the K.L.M., 
was the F. II, a four-passenger carrying machine with the same engine as 
had been used formerly in the military machines which could only take two 
passengers. A new typ^ again was the F. Ill, which is stUl used by the K.L.M. 
and takes 5 passengers. 

As a result of the increase in the number of passengers the demand rose for 
larger machines with a capacity of 6 or 8 passengers and in the end of 1922 
Fokker appeared on the market with the F.V, with a Rolls-Royce engine of 
360 h.p. The opinion of Fokker himself was, that this machine would be the 
very type for thcj use on an airline between Holland and the Indies. This 
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remark resuscitated the idea of flying to Batavia. Such a flight would do a lot 
of propaganda for air-trafftc in general, and particularly for the projected 
airlines in India. At the same time rumours went that England had the 
prospect of opening an airline from England to the British colonies and even¬ 
tually to Australia. As this line should go via the Dutch East Indies, 
the Dutch saw the possibility of forming a link in this connexion. 

All these considerations led to the foundation of the HoUand-India Flight 
Committee in the beginning of 1923. General Snyders, the ex-commander-in- 
chief of the Dutch military and naval forces, was appointed chairman and 
many leading business people as well as shipping firms, bankers, the Fokker- 
works, the K.L.M. and the Royal Dutch Aero-Club lent their support. The 
object of the committee was to carry on propaganda and to study the possibili¬ 
ties of air-connexions to and in the Indies. 

At once several difliculties arose. In the first place the Dutch as well as the 
Indian Government withdrew any financial support as a result of the general 
tendency to economise as much as possible. Thus all the money required 
had to be supplied by industrial and mercantile concerns, which proved rather 
difficult in that period. Secondly the F.V machine mentioned before did not 
give the results expected. 

The construction of a new type, the F. VII was directly taken in hand, but 
this machine could not be ready and thoroughly tested before the first of April, 
1924, the date previously fixed for the departure. 

It was proposed to use instead of a commercial machine a military plane, 
but this gave rise to many objections. Although a military machine was faster, 
it would give less room and comfort, which would make it necessary to do the 
flight with only one pilot and one mechanic instead of two pilots. Moreover, 
it would be impossible to take enough big spare parts in a military machine, 
such as wheels and a spare propeller. The main objection, however was, that 
the flight was undertaken on a purely commercial basis and propaganda would 
be much less effective if a military machine were used instead of a commercial 
plane. 

Therefore, it was decided to .postpone the flight till October 1924, on which 
date the F. VII might be expected to have passed all her tests. 

It was necessary to fix the start either on the first of April or on the first of 
October, owing to the atmospheric conditions in the Indies. As you know, there 
is a very heavy rainfall in the Dutch Indies as well as in British India during the 
rain-monsoon. This rain affects the visibility very much and is very bad for 
the machine in general and especially for the propeller. Flying in such weather 
is hardly possible. When one passes over high mountains the clouds may 
even come down right down to the ground, a cause which gave many difficulties 
to .Ross Smith during^ his flight over Burma. 

To be.sure, these rains are generally veiy local, so that it is possible to fly 
round them, but the main trouble is, that the landing grounds get wet and soft. 
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or are even flooded so that a landing may be dangerous. When the air route 
to India is once well organised and all the aerodromes are drained properly, 
this difficulty will be overcome, but this can only be in the future. Often one 
has to land on racecourses or fields which one here in Europe would call forced- 
landing grounds and which are absolutely useless during the rain-monsoon. 

Hence it was necessary to fly during the dry monsoon, but the difficulty was 
that the monsoons in the British and the Dutch Indies are exactly reverse; 
that is to say, in the British Indies the wet monsoon takes place during July 
and August, and in the Dutch Indies this is the time of the dry monsoon. 
Therefore, the best time to do this flight is during the turning times, either in 
April or in October. 

The machine, the F. VII, was finished in the early spring of 1924, and was 
used by the K.L.M. on the Amsterdam-London line for two months, during 
which time it did 120 hours. All this time Flight-Lieutenant van Weerden 
Poelman and myself flew the machine, so that we had ample opportunities to 
familiarise ourselves with it. The F. VII gave very good results. It was a 
laige monoplane with wooden wings covered with three-ply of 60 feet width and 
a fuselage of welded steel tubes of 42 feet length. The pilot's cockpit gave 
ample room and was arranged for double control. In this way it was very easy 
to relieve each other. From the cockpit a small door led to the very roomy 
cabin where the mechanic was seated and many spare parts were stored. 
Behind the cabin was the lavatory and a luggage compartment which was used 
as a storage room for small spare parts and tools. All we wanted was nicely 
stored and ready for use. The circumstance that the pilots could relieve each 
other easily and the stand-by pilot could go to the cabin to rest a while, or eat 
or enter the data in the log-book or study the different maps at ease contributed 
much to diminishing fatigue and increasing safety. As a rule we relieved each 
other every other hour. 

During the month of September the machine was taken out of the service and 
made ready for the flight. A new engine, which had been tested for twenty 
hours was fitted; the tank capacity was increased from 180 to 220 gallons 
which was sufficient for a non-stop flight of ten and a half hours. Much care was 
given to the cooling. 

With previous long flights in the tropic climate much difficulty was caused 
by the overheating of the engine ; therefore, we decided to increase the cooling 
surface by 50% by fitting a second radiator. During the flight this proved to 
be absolutely sufficient, but one must not forget that we had rather cool weather 
and that during the summer, especially in Mesopotamia and Persia, the heat may 
be intense. 

One of the greatest difficulties in a flight like this is to keep down the weight 
of the machine. The maximum weight permissible in Europe for the F. VII is* 
7600 lbs. In tropical climates, however, the lift of the wing is much less, the 
air being warmer and less dense. At the same time the propeller-thrust is 
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decreased as well as the engine power. Moreover, the aerodromes on our route 
were often small and bad, and a bad start might result in a serious accident, 
and a small total weight was, therefore, necessary. The increasing of the tank 
capacity and radiator was in direct contradiction to this, as well as the large 
amount of spare parts and other implements which we had to take with us. 
All these parts were weighed out and things which were not absolutely indis¬ 
pensable removed. For hours and hours the K.L.M. technical staff sat bent 
over their desks calculating and calculating, with the result that the total 
weight of the machine with full tanks amounted in the end to 7200 lbs. Thanks 
to this small total weight we made a good start from the different bad grounds 
with an engine of only 380 h.p. using ig gallons of petrol an hour. 

During the time the F. VII was used on the London line, it was fitted* with 
wireless telegraphy and telephony, which gave always good results. The num¬ 
ber of wireless stations on the Indian route being very few we should not have 
had much use for the wireless installation, and as the weight of this installation 
was rather important, we decided to remove it. 

During the preparations for the flight one of the principal points was the 
collecting of details of the weather, the landing grounds, and the i^ecessary 
maps. For the greater part we used maps on the one million scale completed 
with detail-maps of the aerodromes on a bigger scale. Perhaps the scale of the 
map may seem small to you but it proved to be absolutely sufficient and gave 
the advantage that the very long map was easy to handle and maps on a small 
scale give a better view in general. The different maps were joined together in 
long rolls and placed in front of the pilots. Further a compass of very high 
quality was fitted. 

As the success of the flight depended to a great extent on the petrol and oil 
these had been sent to all the landing grounds. In this way we were always 
sure to find an ample supply of good quality. For security several spare t5^es 
and propellers were sent along the route to some places, but happily we did not 
want them, as the original propeller and tyres are still fitted on the machine and 
may be used for a long time yet. 

After all these careful and. minute preparations the machine was ready near 
the end of September and we were able to start from Schiphol, the Amsterdam 
aerodrome which was crowded with people to see us off. The weather was 
good and pretty clear but we met with a slight head-wind. Flying over the 
town and the docks of Amsterdam, the numerous liners bade us a farewell by 
blowing their whistles. We went onwards over Soesterberg, the military 
aerodrome, Deventer and past the German frontier. This trip over the mono¬ 
tonous plains of Germany was rather uninteresting although the sight of the 
big towns of Hanover and Dresden was a pleasant spectacle. We relieved each 
other regularly and the time passed quickly. At Dresden we reached the Elbe 
which, we followed up between the beautiful mountains until we were 
over the plain of Bohemia. In the afternoon we reached Prague, where we 
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found a very good aerodrome with large big hangars and where the Chec 
authorities gave us a very warm welcome. 

It was our intention to start next morning as early as possible, but as we wan¬ 
ted first to see the weather reports, and as it took rather a long time before 
these were received, we were delayed in our start. The scenery on the second 
day was much finer than on the first. Over the hills of Bohemia, where the 
clouds on some places were hanging right down on the tops, we made for the 
Danube and followed this river, which flows through a vast plain, offering 
many good places for a forced landing. 

At sunset we reached Belgrade, where the lights had already been lit, and 
very good landing-lights marked the aerodrome. 

Our first care was for the machine, and I spent about one and a half hours in 
the small local telegraph-office. The telegram, which cost me so much trouble 
arrived three days later in Amsterdam. 

. That night we passed in a small hotel in the vicinity of the aerodrome, 
enjoying a pleasant country-wine and a real Zitano band. 

Thus for the first two days of our flight we carried out the scheduled program. 
Alas, the third day was to prove fatal. 

Our original object was to foUow the Danube from Belgrade through the 
Iron Gates over Roumania and the High Balkans to Constantinople. The 
people in Belgrade, however, advised us not to go through the Iron gates owing 
to the bad weather, and we chose a southern route over Bulgaria. At first 
we followed a small river through the valley up to Nish, and thence eastward 
over the mountains. We kept at a fairly good height over this part of our 
trip, but we met unfortunately with a strong wind and did not make enough 
headway. So we decided to come down and try to find protection by the 
mountains. The railway, which formed our landmark, climbed higher and 
higher and the cleft we passed through grew narrower and narrower. In the 
end we came upon a point where this cleft suddenly made a sharp turn, so 
that we lost our view ahead. In the case of this cleft continuing behind the 
turn theie would not be any danger, but as it might close up suddenly, and 
the railway might disappear in a tunnel, we should have run dead against the 
mountai walls with our machine, which could climb only slowly. I did not 
dare to take that risk and made a sharp left hand turn and we missed the moun¬ 
tain wall by the skin of our teeth, and flew back to gain some height. After 
that we went onward high over the mountains, and the dangerous spot, down 
to the valley of the lately so ill-famed Sofia. 

. We saw a big aerodrome with great hangars and we looked down on the 
fine cathedral which has just been blown up. Then mountains appeared 
again with high cliffs and deep clefts. We had just left this landscape and 
were flying over plain ground of the bed of the Maritza when all at once we met 
with serious engine trouble. 

Up till that moment the engine had being running splendidly. When a 



672 JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


June If. I9fs: 


few miles from the small town of Philippopel we saw to our astonishment 
the thermometer rise quickly and the temperature of the cooling water rose 
rapidly to boiling point. Gradually the number of engine revolutions 
decreased. I understood that something serious had happened and I looked 
for a piece of ground where we could land. After some pops of the engine the 
roar stopped altogether and in a dead silence we glided downwards. I had just 
time enough to do a sharp S-tum so as to come within reach of a small meadow. 
In this way we hoped to bring down the machine nicely, but all at once we 
heard a terrific bounce of the wheel which came into contact with the ground. 
Slowly the machine rolled on, bouncing and bouncing, and inclined more and 
more to the right, so that in the end the wing-tip touched the ground. The 
machine made a quick turn and came to a stand-still. There was nothing fpr 
us but to get out, to light the traditional cigarette and estimate the damage 
done. 

This turned out to be more than we had expected. The engine seemed to 
be damaged by overheating beyond repair. Moreover, the ground where we 
had landed and which looked from the air like a meadow, had formerly been 
used as. a ricefield ; such fields are in Bulgaria artificially irrigated in the same 
way as is done in the Indies. Therefore a lot of small dikes of about one feet 
high had been erected at short distances from each other. During our landing 
we had touched not less than nine of these dikes with the result that the right 
hand wheel of the undercarriage had given way and the under-carriage itself 
had been seriously damaged. The very first thing we had to do was to try to 
find some people. Many countr3nnen came up to the machine directly after 
the landing, but nobody understood any of the western languages. Fortunately 
after some time a schoolmaster came along, who understood a bit of German, 
He led me to the nearest telephone office on the railway, which was in charge 
of a Bulgarian farmer. Unhappily the telephone app>aratus had been sealed 
and was not allowed to be used by civilians. It was impossible for me to make 
myself understood, but fortunately there is a language, which is understood 
an3nvhere. I was not in possession of Bulgarian money, but we had taken with 
us some sovereigns in case of emergency. I succeeded in getting rid of the 
schoolmaster for a short time and produced a gold piece. The Bulgarian 
hereupon drew a terrific knife which scared me as I thought that he 
would instantly execute me for trying to bribe an official, but the good fellow 
had only taken up this weapon to break the seal of the telephone. So the line 
was free in the end, but the result was poor. After many difficulties I got into 
connection with Philippopel and I was told not to leave the machine before the 
chief policeman of the district himself had arrived to inspect our papers. So 
I returned to the wrecked machine and the three of us waited patiently for 
what would happen next. 

About nine o'clock in the evening three people disguised as gentlemen turned 
up out of the dark. One of them seemed to be the afore-mentioned authority. 
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They looked at our papers without understanding anything of them and after 
that were going away again. I asked if they could not take us to town but 
it seemed they had come down with a motor lorry along the railway-track, 
and the loading capacity of this vehicle seemed to be so small that they had 
to refuse. The policeman took our telegrams with him, which were not sent 
away before the next day. Not without some joy I heard later on that the 
lorry had broken down on the way back, and that the policeman with his two 
assistants had had to walk all the way down to Philippopel in pitch darkness. 

We tried to make the best of it. By the light of the moon and of a small 
paraffin lamp we organised with some military people and farmers a wonderful 
nightfeast. We gave the Bulgarian people some of our Dutch cigars, which 
they seemed to enjoy very much, as well as Dutch cabbages and sausages 
in tins. We on our side tasted for the first time Bulgarian land-wine and tried 
to enjoy the Bulgarian music of a bag-pipe. After the lamp went out for lack 
of paraffin and the bag-pipe had stopped we stretched ourselves in the comfort¬ 
able cabin of our modem traffic machine. However comfortable the cabin 
may be for passengers it is not exactly lit for a sleeping compartment under 
circumstances like these. 

In the afternoon of the following day the Dutch consul from Philippopel 
arrived in a Ford car and with this vehicle we went along over the very bad 
roads to town. 

For more than a week we were waiting in Philippopel. Our position was 
far from pleasant. There was an aerodrome near Sofia, about eighty miles 
off, but it would have been impossible to transport the machine thither owing 
to the very bad state of the roads. At any moment the Bulgarian winter with 
heavy snowfalls might make its entrance and it was impossible to postpone our 
arrival in India too long for fear of the monsoon. I feared, therefore, that it 
would be impossible to continue the flight then and that we should be obliged 
to make a new attempt next spring. 

After a week of waiting, telegraphing and writing letters the chief of the 
technical service of the K.L.M. arrived in Philippopel to make an investigation. 
You can imagine our relief when he told us that he thought the machine could 
be repaired on the spot within a month's time. At once the Fokker-factory 
started to make the necessary parts for the undercarriage, and the illustrated 
paper Het Leven gave us a new engine. From Holland as well as from the 
Indies financial support came, and so the prospect seemed to us much more 
hopeful than we had dared to expect. In the meantime we started to make 
the necessary preparations for the repair of the machine. The fuselage was 
lifted, the old undercarriage removed and the engine, with the help of a crane 
of our own construction, taken out of the machine. After that we waited for 
the arrival of the new engine, the spare parts and the mechanics of the Fokker 
iactory. 

To be waiting for several days in a town like Philippopel is not altogether 
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cheerful. Although this town has about 120,000 inhabitants the life is not 
very comfortable. Fifty years ago the town was still Turkish, and half the 
population consists of Turks. There is practically no pavement, the hotds 
as well as the food are bad. The water supply was just enough to enable us 
to clean our teeth in the morning. Taking a bath in Bulgaria is regarded as 
unnecessarily luxurious. The mail arrived slowly and at long intervals. To 
get into telephonic connexion with other towns is practically impossible and 
the telegraph office works as badly as the telephone. Only very few people 
speak some French or German. A very dirty picture show and an underground 
oave which was named a cabaret were, all the places of entertainment the town 
could afford. So there was not much more to be done but to rise late in 
the morning, drink a lot of Turkish liquor and take a good lunch time. In the 
afternoon we drank Sliwowitch, a kind of brandy from the country. After 
that we had what was supposed to be a dinner, and at an early hour we went 
to bed again. 

At last, after long waiting, three mechanics arrived from Holland with the 
engine and spare parts about the end of October. They had met with some 
difficulties on the Servian-Bulgarian frontier as the Serbs obviously feared 
that the Bulgarians would certainly try to start a war with all this valuable 
material. 

At once we started to work. The engine was moved on a tractor along the 
bad roads up to the machine, and the rest of the material was loaded on carts 
drawn by oxen. For five days we worked very hard. We had to motor about 
18 miles every morning from the town to the machine, and the roads had become 
very bad owing to the heavy rainfall. Often we had to use all our forces to 
get along with the car and dig it out of the mud. Moreover, it was not a very 
easy task to do the repair works in rain and mud. Nevertheless everything 
was completed by the evening of the first of November and the machine was 
again ready to start. The engine had been tested and proved O.K. and we 
had found a piece of ground in the neighbourhood which was just long enough 
to start from. The road which led to this ground had been made smooth so 
that it was possible to have the machine taxied along. 

In the small hours of the morning of the 2nd November all of us went up 
to the field. It was a fine and clear day; and the first snow was visible on the 
tops of the Balkan and Rodopo-mountains. The start was far from easy. In 
fact the field was very small and situated in such a way that we had to start with 
a feeble wind in the back. Happily everything went splendidly, although now, 
when I come to think of it, I feel that we had a narrow escape. 

You can hardly imagine our joy and relief as the wheels of the machine left 
the ground and we could bid farewell to Bulgaria and continue our journey 
to the far-east. 

On that day we did not fly much. We went over the Bulgarian plain and 
passed Adrianople, an old Turkish town with a beautiful Mosque. Over 
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desolate country on we went and within a short time we could see the Sea of 
Marmora and the Anatolian coast. The sight of that continent on which we 
had to pass the next few weeks was very cheerful to us who had been held up so 
long in Bulgaria. In the afternoon the wheels of the machine struck the ground 
of Sah Stefano aerodrome near Constantinople. The held itself was good enough 
but there was only one very small hangar, and it was impossible for the F. VII 
to be brought inside. The whole lighting system consisted of one small paraffin 
lamp, and owing to the danger of fire we decided not to work on the machine 
till the next morning. 

The Dutch colony assisted at our landing, but to be sure of ourselves the 
next day we did not go into the town and slept at San Stefano in a small hotel 
giving a beautiful view of the moonlit Sea of Marmora. 

The very first thing to do next morning was to inspect the engine and the 
machine. At first the engine gave some trouble as a result of bad plugs, and 
this caused us to start pretty late. 

We crossed the Sea of Marmora and the sight of the old city of Stambul with 
its many mosques and minarets, of the blue water of the sea of Marmora and 
the Bosphorus and the Golden Horn with its ships we are not likely to forget. 

Along the Princes-Iles, which made a beautiful contrast with the clear water, 
we made for Asia Minor. Here the scenery changed. The mountains were 
not very high but stiU dangerous enough in case of a forced landing. Our first 
landmark was formed by a big lake. Then we reached the Baghdad railway, 
which we followed up to Eski Sher, a bad looking place where the Angora 
railway leaves the main track. Here again the landscape changed, as we 
arrived in a vast sandy plain. The whole vegetation consisted of dry and short 
grass. This plain was bordered by naked hills on the north, as well as on the 
South, and the only villages we saw were not more than a collection of small 
huts. A forced landing on this ground would be easy, but to get the necessary 
help would have given much more difficulty than in Philippopel. 

In the meantime the wind had increased and we only made slow headway. 
Behind us the sun went lower and lower and the sandy hills showed themselves 
in a red hue. Then the sun set, and stiU Angora was out of sight. At last we 
saw far away against the hills the lights of the town. We knew that the 
aerodrome was large and rough and landing was only possible in the middle. 
Unfortunately we could see in the dusk that a herd stood on the very spot where 
we had to land. Therefore we had to make our landing as short as possible, 
and we turned right over the chimney pipes of a factory into the field. All 
at once I heard a very strange noise, after wUch some undistinguishable object 
rose in the dark on the left of the fuselage. Next moment we heard a loud 
bang against the lefthand wing. We landed safely, however, and now the 
strange noise proved to have been caused by a telegraph wire which had wound 
itself several times round the propeller, while the wing had struck a wind 
indicator which shows the j^ot the wind-erection on landing. Fortunately, 
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the damage was not very important. We only had to glue a piece of threeply- 
wood on to the wing. 

Angora, the new capital of Turkey, is a very poor and small place which 
stands quite isolated on the bare plateau of central Anatolia. The flight from 
there to our next stop, Aleppo, proved to be very interesting. At first we went 
for hours and hours over the lonely desert of Anatolia and passed a large salt- 
lake with salt precipitation along the banks. Here and there naked cliffs 
rose high up, and far away in the east a single snow covered peak contrasted 
with the blue sky. After having flown for several hours on compass course we 
again found the Baghdad railway in the south of Anatolia, and reached the 
(Taurus mountains with their steep cliffs which rise as high as 10,000 feet. 
These mountains were too high to fly over with our heavy machine, so that^w^e 
were forced to fly eastward following the railway a long time, down to the 
Cilician gates. Like a narrow street this pass runs between the mountains of 
the Taurus and Anti-Taurus, and on our left and right the peaks rose high above 
us. Underneath there was only the narrow cleft through which a small stream 
forced its way and where the railway disappeared from one tunnel into the other. 
We shall never forget this wonderful scenery, but in case of a forced landing 
the good old F. VII would have met with a terrible end. A French aviator from 
Aleppo told me later on how to make the best of a forced landing in such a 
situation. According to him one must not try to land on the bottom of the 
cleft but make a sideslip with the machine till the wing strikes the mountain¬ 
side. The wing crashes in this way on the impact and the machine rolls itself 
up more or less and in doing so one has a good chance of saving oneself. This 
may appear to be the safest way but we were glad that it was not necessary 
to try the experiment. 

All at once the cleft enlarged itself and six large eagles came to meet us, 
soaring quietly by way of seeing us off from the mountains, and in front of us 
the great plain of Adana stretched itself out, with the Mediterranean in the 
background. We came down from about six thousand feet to some hundreds 
of feet, crossed the gulf of Alexandretta and entered Syria. After a short 
flight over a low range Aleppo was in sight. 

We landed on the excellent aerodrome, where we were received by the 
French pilots, who gave us all the necessary help. 

Over the desert we went from Aleppo to the Euphrates which looks from the 
air like an irregular brown line. We followed this river and saw from time to 
time a small village and some French aerodromes. Some caravans moved 
slowly underneath—a little donkey in front followed by a long row of camels. 
About noon the people tried to fine shelter under their low black tents, whereas 
the camels kept standing round in the sunshine. 

Gradually we came to Irac, the British mandate. After some time we left 
the Euphrates and made eastward to the Tigris. A squadron of English 
machines flew past us and we went over Baghdad, a picturesque Eastern town 
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with many high palm trees, and landed on the south side on the weU organised 
R.A.F. aerodrome. Here again we were received very cordially and found 
magnificent technical help. 

Our next aerodrome was Basra in the South of Irac, near the Persian Gulf, but 
having the wind behind we decided to continue as far as Bushir on the Persian 
coast. In this part of the wc^rld people say the Paradise must once have 
been, and the country is rich of recollections of the Bible. First we went over 
the ruins of Babylon. A large circular wall and some square heaps of stones 
are all that is left of this once so famous town. Later on we saw, far in the 
distance, the old Sun-temple of Ur of the Chaldeans, the residence of 
Abraham. 

The Persian coast gave us an impression of vast, sandy plains and desolate 
cliffs. We landed first at Bushir and went from there to Bandar Abbas, where 
the few Englishmen present gave us a warm reception. The bare coast is 
scarcely inhabited and the small villages have no connexion whatever with 
the inland country. 

The third aerodrome on the Persian coast was Carbar, whereto we had also 
sent petrol supplies, but thanks to a favourable wind we passed it, making in 
this way a non-stop flight from Bandar Abbas to Karachi in British India. In 
general we had met with very good weather up till then but near Charbar a 
sandstorm was blowing. Fortunately the wind-direction was from the coast 
so that we could fly above it while following up the coastline. If one should, 
however, be forced to fly through such a storm, which sweeps up the sand 
dust to a height of several miles; it would prove to be very difficult and disa¬ 
greeable, and at the same time very bad for the engine. 

We passed over British India from Karachi to Calcutta along the different 
aerodromes, made by the R.A.F. in that part of the country along the Indus 
and Ganges. Here again we could pass the aerodrome at Multan, where we 
should have landed originally, and made directly for Ambala. From there 
we flew to Allahabad and next to Calcutta. A shorter way would have been to 
fly from Karachi due East to Agra, but in this way one passes the very desolate 
Indian desert where it would be impossible to get any help in case of a forced 
landing, the more so, as there are no aerodromes. So we preferred to go round 
by the northern route. The aerodromes in this part were very good, and we 
always found very hearty hospitality and valuable help at the R.A.F. 

Very interesting indeed was the flight along the Ganges, and over the towns 
of Delhi, Agra and Allahabad. At Agra we passed right over the Taj Mahal, 
the mausoleum erected in 1625 by Shah Jehan as a memorial to his wife. It 
is one of the most beautiful buildings in the whole of India and with its white 
marble towers it shows in very striking contrast against the dark green of the 
surrounding parks. 

Past Calcutta we flew over the Ganges delta, cut by many river-arms and 
all covered with ricefields, moors and woods In this way we reached Burma 
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along the coast of Bengal, and we found a sudden change in the aspect of the 
country. Instead of the very wide plains of the Punjab where it was possible 
to find some good forced landing grounds we found here high mountains 
covered with forests frequented by tigers and other big-game. Here and there 
one finds along the coast low-lying moors and ricefields but elsewhere the 
motmtains continue right up to the sea. As a matter of fact one may safely 
say that from Calcutta to Batavia there are no forced landing grounds at all. 
A forced landing in the forest would not only be dangerous as regards the 
.landing itself, but even in the case of a good landing the crew would be abso¬ 
lutely helpless and would only have a very small chance of seeing the inhabitated 
I world again. 

First we landed in Akyab and from there made for Rangoon. Here we Jiad 
a very narrow escape. Fl5dng over the town the aerodrome turned out to be 
a small racecourse, surrounded with high trees and houses, so that the landing 
would be dangerous and it would be impossible to start again, with a heavy 
machine like ours. Moreover it was impossible to continue to Bangkok, as 
we had .hoped first to do; owing to the strong headwind, the distance was too 
great to cover in a non-stop flight. We were at our wits' ends and decided to 
fly back to Akyab and to try to fit another tank so that it would be possible 
for us to do a non-stop flight from Akyab to Bangkok. Fortunately we dis¬ 
covered in the end at some distance from the town a racecourse under construc¬ 
tion which offered us just enough room to land upon. 

All ended well and the next day we had the obstacles removed so that we 
might start again safely. 

In Rangoon we had an opportunity of seeing the famous Pagoda, one of the 
largest Buddhist temples in the world. The pagoda itself is made of stone, 
bell-shaped about 50 metres high, standing on the top of a hill, and all gilded. 
Large covered staircases lead to the surrounding terraces where ever so many 
small temples have been erected with picturesque roofs and richly decorated. 

Crossing the mountains and jungles we went from Burma to Bangkok, the 
temple-town, the capital of Siam, the Venice of the East. From there along 
the east coast of the Malay Peninsula to Sengora, a small Siamese town, with 
an aerodrome not more than 320 yards long. On our last trip the engine had 
i:^ot been running quite satisfactorily and in Sengora we found several valves 
leaking so that we decided to overhaul the engine. For two days we worked 
on the sandy aerodrome in the glaring sun. After that we continued happily 
again, flew over the Malay Peninsula, past Penang and had to cross the only 
large stretch of sea of the whole flight, the Street of Malacca, which separated 
us from the Dutch East Indies. A Dutch steamer lay waiting for us at the 
Malacca coast, to provide help if wanted. We were accompanied by seaplanes 
of the Dutch navy, up to the coast of Sumatra, and only a few hours after having 
left Malacca we landed safely on the racecourse in Medan, where we found an 
unforgettaible and hearty welcome. 
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The next flight led for eight hours over the vast jungles and marshes of the 
coast of Sumatra to the small town of Muntok. From there we again followed 
Sumatra to Street Sunda between the islands of Sumatra and Java, and there 
we were escorted by seaplanes again and so we reached Java, all safely, and 
continued in the middle of squadrons of the Indian military air force to Batavia, 
our longed for goal. 

Before ending I wish to express here my sincere gratitude to the English 
authorities and the R.A.F. in particular for all their kind and useful help and 
hearty hospitality which we always met with during the preparations for this 
flight as well as during the flight itself. 


DISCUSSION. 

Sir Walter Townlev, K.C.M.G., said he had listened with the closest interest 
to the graphic description of the flight which had been given by the lecturer. He 
had told his story in a most interesting way, and liad given us a good idea of how 
things are done in these days. What he had to say was of great and particular 
interest to the speaker, because he travelled over one of the countries described— 
Mesopotamia—several years ago. He did not, however, travel as the lecturer 
did. While he was on a pony whicli was with difficulty persuaded into a feeble 
canter, Mr. Van der Hoop travelled with the celerity of an airman. It took the 
speaker twelve days to cover the distance which the aeroplane covered in two 
days. They were twelve very enjoyable days, but they must have been even 
more enjoyable for Mr. V^’an der Hoop because he missed an experience which 
the speaker had of being held up by brigands. Incidentally, he might mention 
an occasion in Constantinople when a gentleman doubted that there were actually 
brigands in the country. In support of his statement, Sir Walter told the man 
that he himself had been held up by them. To this the man replied, “ They never 
ought to have let you through.” 

The Chairman had spoken of the hospitality and kindness which was shown 
to our prisoners of war in Holland. He (Sir Walter) was Minister in Holland at 
the time and knew something about it. He could endorse every word tliat the 
Chairman had said. After being starved and ill-treated in Germany for two and 
three vears our men came out of their long incarceration and found that they 
received the utmost kindness and attention from all. He would like to say too— 
tor lie iieaia it on all sides -our men also behaved very well. Coming 
out of prison after three yeais tacy carried themselves with that jaunty 
air that one expects and finds in the English soldier. vVe must not overlook the 
importance of the position that flying was going to take in the business wona m 
the near future. The fact that aviation was bringing enormous distances near 
home was a great thing for trade and trade interests. Manufacturers and other 
business men would be able to get parcels, samples and letters much more speedily 
and satisfactorily than was possible at present. With the development of flying 
there would be a revolution in trade. Flights such as that made by Mr. Van der 
Hoop helped this object, and he hoped that these enterprises would bear fruit 
at an early date. He had never been up in the air himself, but he admired those 
who did fly. All present would remember the wonderful flight from India made 
by Sir Sefton Brancker, who had spoken on the subject in that room only a week 
ago. If postal communication could be speeded up by aviation we should see one 



68 o JOURNAL OF THE ROYAL SOCIETY OF ARTS, 


June IS, 19S5. 


of the great developments of aerial transport. He congratulated Mr, Van der 
Hoop for helping to blaze the trail. 

Mr. F. C. Stoop desired to express, on behalf of the Dutch Colony, their thanks 
to Mr. Van der Hoop for coming to tell of his experience, and to congratulate him 
on the advance he has made in the progress of flying. 

Mr. L. H. Kiek desired to pay his tribute of admiration and respect to one 
of the pioneers of aviation. Pioneers were not national, but international. If 
he might venture to address Mr. Van der Hoop as a business man and layman, he 
might claim kinship with him. In the first place because he was once one of his 
countrymen—though now he was a countryman of the Chairman's, and secondly 
because he had always taken a theoretical and practical interest in aviation. He, 
too, had been somet^g of a pioneer for he made a flight through South America 
five years ago, when flying was not what it is to-day. In spite of this, he had fo 
make few forced landings. The pilot of the aeroplane was Major Shirley Kingsley, 
an intrepid, skilful, bold, yet cautious pilot. They had many adventures and met 
with a few hostile receptions. They were in a country where no aeroplane had been 
seen before. In spite of this they obtained much pleasure and satisfaction from 
the trip. Aviation saved the business man a great deal of time. Rapid flying 
was approaching a stage when it could be demonstrated to be a commercial and 
valuable proposition. He (the speaker) happened to be in Amsterdam when Mr. 
Van der Hoop was compelled to make a forced landing. There was general dismay 
among the people in the city and some faint hearts thought that the whole flight 
was a great fiasco. Knowing what he did about aviation he tried to encourage 
the faint hearted and told them that a forced landing was merely an incident 
in such a flight. During the speaker’s flight in South America the people helped 
him greatly. On one occasion they prepared a landing ground, but overlooked 
a ditch. The result was that they found themselves on their noses with the 
propeller in the ditch. The propeller was broken, so a council of war was held in 
which the natives joined. They received many suggestions and one was that they 
should go to the prison. They did not at first see the connection, but they were told 
that the carpenters at the gaol were very clever fellows. Consequently they un¬ 
screwed the propeller and took it to the prison. In one day a new blade was dove¬ 
tailed in so well that you could not tell it from the old—except that it was not so 
well varnished. As a matter of fact, the propeller was how all that is left of the 
aeroplane, and the speaker still had it in his possession. That only went to show 
that resource and aviation seem to go together. In conclusion, he thanked Mr. 
Van der Hoop and wished him a continuance of that career which he has inaugurated 
so brilliantly. 

Captain Leonard F. Plugge desired to add his tribute of admiration to what 
h^ alre^y been said. Mr. Van der Hoop had mentioned that he discarded his 
wireless installation, and the speaker would like to ask if during the course of his 
wonderful flight he did not feel the necessity for it. He travelled over many wild 
places where it would have been impossible to obtain assistance, and as there were 
R.A.F. stations with transmitters, did he not think it would have been safer to 
carry it ? If he had met with an accident in some of the places which he passed 
it would have meant delay and hardship. 

The Chairman (Sir Frederick Sykes) also desired to congratulate Mr. Van der 
Hoop on his lecture. It was very remarkable to hear it given in such excellent 
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English. He also thanked the lecturer for showing the beautiful photographs 

which had been seen that evening. Some of them had seen the scenes before_ 

but not from the same angle as tliat from which these photographs were taken. 
Mr. Van der Hoop had said that he had only two hitches in fifty-four days. He 
would like the lecturer to state the exact number of hours that were spent in actual 
flying. After hearing a lecture of this sort one wondered why more people did not 
take to aviation. It was a splendid adventure, and adventure was good for every¬ 
one, as it encouraged self-help and resource. The Dutch had always given great 
assistance to aviation. At the end of the war the National Air Convention was 
signed in Paris. That Convention was the basis of international flying, and the 
Dutch Government were of great assistance in helping to put it forward. Anyone 
who had anything to do with the air realised the great difficulties of international 
aviation—such as wireless, meteorology, and telephones. It was difficult nationally, 
but let them imagine the problem internationally ! Such flights as Mr. Van der 
Hoop’s helped to show the difficulties. There was a tremendous future for aviation, 
for several reasons. Firstly, because the steamship and train had come to the 
economic limits of speed. For instance, ships could only pass through the Suez 
Canal at a certain rate. Both ships and trains could only carry certain loads at 
certain speeds. The aeroplane was an instrument to alter that—the only instru¬ 
ment which could do so. We had got to go in the air if we were going to close up 
the Empire and other countries of the world. Why not do it ? It was com¬ 
paratively cheap. He (the Chairman) went on his honeymoon by air and he 
commended it to all who thought of embarking on an adventure of that sort. He 
congratulated Mr. Van der Hoop and urged him to undertake a fresh tour. Might 
he have the same success in the future as in the past! 

Mr. Van der Hoop, in reply to the discussion, said he was glad that the question 
had been asked about the wireless. He would like to say that he was a great 
believer in wireless. He had a crystal set, a one-valve set, a two-valve set, and in 
India a six-valve set. During this flight he was flying a very heavy aeroplane, and 
for this reason the weight of the wireless set was not worth the use to which it might 
be put. It was true he might have sent out an S.O.S., but he did not think that 
wireless would have been of much use to him during this flight, owing to lack of 
ground-stations in most countries he flew over. The Chairman had asked how 
many hours they were flying. The number was 127. Flying day and night 
he thought one could reach Batavia in six or seven days. That, of course, 
would be for a mail service and not for passengers. You could not do the trip so 
quickly at present, but later on. vrith organisation, it would be possible. 


CORRESPONDENCE. 


WANTED A WEMBLEY COIN. 

A British Empire Exhibition without an Imperial official language, and an 
Imperial coinage is an anachronism, if not a farce. In the discussion on Lord 
Stevenson’s paper, “ The British Empire Exhibition,” reported in the Journal 
of the Royal Society of Arts, May 22nd, 1925, Mr. H. A. F. Lindsay, C.B.E., I.C.S., 
remarked that ” The merchant thought very largely in sixteenths or thirty-seconds 
of a penny.” 

As a matter of fact, no Canadian merchant has ever thought or could ever think 
in terms of any such clumsy fraction. Whether he speaks English or French 
or any other of the forty languages in which people both worship and do business 
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in Toronto, he cannot multiply or divide by twelve (12). Why should he adopt 
such a fpolish and confusing mental habit, which shows a singular inaptitude 
of means to ends ? As regards such simple matters as coinage and print, “ no 
race,*' says Sir Arthur Helps, “ can be more contemptibly imitative and con- 
servdtive of wrong as we are.** One-thirty-second of a penny is } of a farthing 
or .125 farthings. No alteration of our coinage is necessary if the antiquated 
and idiotic pence table were abolished, and calculation by farthings substituted. 

In last year's Wembley Exhibition there was not a single clerk who could 
explain to his customers how much profit he could make on a yard of ribbon 
supposing he could be induced to buy such merchandise. Surely | is a simpler 
fraction than ^2* 

Ilf Lord Stevenson will give us a lo-farthing or 2jd. nickel coin for use within 
the Exhibition, it will soon become universal all over the Empire. The spectacle 
of traders, purchasers, banker’s clerks and omnibus conductors carting aboul: 
huge bags of dirty copper coinage and spreading disease from hand to hand, is not 
an edifying one. Coppers to the value of 2jd. can be washed when you wash your 
hands, but not more than this. If Lord Stevenson can help us in this respect 
it will be a great advertisement for the Exhibition, and induce many to spend 
their spare silver there. The bribe of an extra lialfpenny (5 nickels=5 x 2j = 
I2j = is.) change for every shilling spent, would attract thousands, and future 
generations of school children would rise up and call him blessed. 

(10 farthings=:i nickel, 10 nickels=i florin, 10 florins=/i.) 

A. Deane Butcher. 

3, St. Stephen*s Road, 

Ealing, W.13. 


OBITUARY. 

Philip M. Justice.— The Society has lost a Fellow of very old standing by 
the death of Mr. Philip M. Justice, which took place at Hastings on May 4th in 
his seventy-first year. He was elected in 1881, and took part in several discussions 
on papers connected with patent law reform. He started in practice as a Patent- 
agent in 1878, in 1882 he became a Fellow of the Chartered Institute of Patent 
Agents, and was President of the Institute from 1901-3. He retired from business 
in 1917. 


NOTES ON BOOKS. 


Metallurgy and its Influence on Modern Progress. An Address Delivered 
before the Oxford University Junior Scientific Club by Sir Robert A. Hadfield, 
Bt., D.Sc., D.Met., F.R.S., F.I.C., M.Inst.C.E. London: Chapman and 
HaU, Ltd. 

No living person, probably, is better qualified than Sir Robert Hadfield to deliver 
an address of this kind on his chosen subject, and the reader whose interests incline 
in this direction need have no fear of being disappointed in the present instance. 

^Appropriately enough, having regard to the purpose for which the address was 
composed. Sir Robert is at first concerned especially with Oxford and its men of 
science in former and modem times. Passing on, by way of a survey of the pro¬ 
gress of Chemistry in general (to read which is to become conscious once more of 
the great part played by this country in the advancement of knowledge), he arrives 
at- the more restricted subject of Metallurgy itself. 



itnua IS, loss. 


JOUMAL of the royal society of arts. 683 


Here Sir Robert concerns himself with ferrous metals alone, beginning with a 
consideration of iron and the older carbon steels, and thus leading up to what may 
be described as the essential part of the address : namely, the alloy steels, and 
especially those two, manganese steel and tungsten steel, whicli he himself first 
obtained and introduced to the engineering world. 

In this part of the address Sir Robert paints some fascinating pictures, enlivened 
with many human touches relating both to himself and to his fellow workers and 
assistants. We learn of the actual preparation and perfecting of the new alloys, 
the exploration of their properties juid their gradual adoption for industrial 
purposes. 

Though prevented by lack of time from any full treatment. Sir Robert neverthe¬ 
less contrives to deal briefly with rustless steels and with the heat treatment of 
steels in general before closing with a short appreciation of the future of science 
in connexion with its relation to our national life. 

It is difficult in the course of a short review to give an adequate idea of the immense 
amount of ground covered by the address, which is the more impressive when one 
learns that “ the work had to be done without relaxing or holding up the pressure 
of ordinary everyday affairs." Mention must lastly be made of the twenty-seven 
interesting plates, many of which are portraits, with which the reprint is illustrated. 


Reports on the Progress of Applied Chemistry. Vol. ix, 1924. Edited by 
T. F. Burton. London : The Society of Chemical Industry. 12s. 6d. to 
Non-Members of the Society, 7s. 6d. to Members. 

It would be difficult to overestimate the debt of gratitude owed by chemists to 
the indefatigable compilers of this annual volume, as also to those wlio contribute 
to the similar, though smaller, production of the Chemical Society. To sift out, 
select and condense into a coherent account the abstracts of the whole year’s output 
of work in industrial chemistry is really a stupendous task, even when shared, as 
in the present instance, among twenty-seven contributors, especially since it must 
be remembered that these are necessarily busy men, each probably fully occupied 
with other work. 

Industrial conditions are of course reflected in this annual to a much greater 
extent than in publications dealing with pure science, and it is gratifying to see 
that on the whole the note struck in most of the sections is one of optimism, some¬ 
times rather tempered, and not shared at all by the acid and alkali industry, while 
rubber is none too happy financially, and leather is handicapped by high prices 
for raw materials. 

A frequent observation is the real advance which is being made in the applica¬ 
tion of the scientfic spirit in place of rule of thumb ; and it is no matter for surjmse 
that the effects of the British Empire Exhibition are beginning to receive attention 
and assessment. 

As regards scientific progress, the volume is of course essentially a work of refer¬ 
ence, and it is not easy to select the most striking results achieved. It may be 
remarked, however, that much interest has attached to nitrogen fixation, beet 
sugar manufacture, smoke abatement, the motor fuel problem, the production 
and dyeing of artificial silk, the World Power Conference at Wembley (the Trans¬ 
actions of which have been published at the rather staggering price of £12), 
the preparation of insulin, and the lessons of the. Oppau explosioh. 

Altogether the editor is to be congratulated on a valuable achievement. 
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GOAL RESEARCH ASSOCIATION. 

The coal owners of the country have formed the British Colliery Owners’ Research 
Association for the purpose of fostering and financing research through existing 
agencies, such as the laboratories of the universities, rather than by undertaking 
it itself. Its activities will also be co-ordinated with those of organisations 
already established for the promotion of the health and safety of those who work 
in coal-mines, and the better utilisation of coal fuel. 

One of the first problems to be tackled by the new association will be the more 
economical production of coal. Funds will be provided in the form of grants from 
the Mining Association of Great Britain, and the constitution of the organisation 
is being modelled on the lines of that of the parent body. 

In addition to fostering practical research, the Association will publish periodicals 
and books dealing with coal, and the mining of it. It is hoped also to establish 
a certain number of museums, to investigate the qualities of new inventions havjpg 
a bearing upon coal-mining and to encourage the training ot skilled professional 
workers. 


MEETING OF THE SOCIETY. 


Dominions and Colonies Section. 

Thursday afternoon, at 4.30 o'clock ;— 

June 18. —^Hon, W. G. A. Ormsby-Gore, M.P., Under Secretary of State for the 
Colonies, '*Some African Problems." The Rt. Hon. J. H. Thomas, M.P., will preside. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 


Monday, June 15..Victoria Institute, Central Hall, 
Westminster, S.W. 4.30 p.m. Dr. A. T. Schofield, 
The Capture of the Unconscious." 

^tanic Society, Inner Circle, R^ent’s Park, N.W. 
3 p.m. Lecture on " Temporary, Variable and 
Double Stars." 

University of London, University College, Gower Street, 
W.C. 5.30 p.m. Profs. A. V. HUl and J. C. 
Drummond, Biochemistry." (Lecture VII.) 

At King’s College, Strand, W.C. 3.30 p.m. Dr. 
R. Dybmki, '* The New Poland.” (Lecture VIII.) 


Tuesday, June 26. .Statistical Society, at the Royal 
Society of Arts, John Street, Adelphi, W.C. 5.15 
p.m. 

Mineralogical Society, at the Geological Society, 
Burlington House, Piccadilly, W. 3.30 p.m. 

Asiatic Society, at the Royal United Service Instit¬ 
ution, WhitehallS.W., ^.30 p.iiL Mr. H. St. J. B. 


.Philby, “ The Recent' Mistoiy of the Hijaz." 
Richud Burton Memorial Lecture.) 


(Sir 


Cromwell Road, S.W. 5 p.m. i. Messra!*^J. 11 . 
QariL I. D. Maxgary and R. Marshall, " Rep^ on 
the Pbenological Observationi in the British Isles 
from December, 293^ to November, 2924." 2. Messrs 
D. N. Hatiison and G. M. B. Dobson, " Measiuements 
of the amount of Ozone in the Upper Atmosphere.' 
3. Mr. J oseph Baxenddl, ** Meteorological Periodicities 
of the Older of a few years, and their local investiga>' 
tion; with special reference to the term of 3.x years 
in Britain." 

Bri^ Academy, at the Royal Society. Burlington 
Hom Piocadilty, W. 3 p.m. Mr. E. Maclagan. 
"The Appredatiem of Sculpture." 

University of London, University College, Gower Street, 
W£, 5.30 p.m. Prof. J. S. Phmimore, ** Manu* 


script Tradition and Critical Probability in the Text 
of Propertius." (Lecture I.) Lectures II and 
III on June i8tb and 19th. 

Thursday, June 18..Royal Society, Burlington House, 
Piccadilly, W. 4.30 p.m. 

Chemical Society, Burlington House, Piccadilly, W. 
8 p.m. X. Mr. H. Phillips, " Investigations on the 
dependence of rotatory power on chcanical constitution. 
Part XXVII. Some esters of p-toluene sulphonic 
and sulphink acids." 2. Messrs. P. R. Goss and C. K. 
Ingold, "The enhanced reactivity of newly-formed 
molecules. Part I. The conversion of cyclols into 
ketones." 3. Mr. F. H. McDowall, " Constituents 
of Myoppfum lactum Forst (' The Ngaio.')". 4, Memrs. 
J. Kals and R. Robinson. A syntnesis of diatisoetin. 
3. Messrs. J. Allan, A. £. Oxford, R. Robinson 
and J. C. Smith, The relative directive powers of 
groups of the form RO- and RR’N- in aromatic 
substitutions. * Part IV. A discussion of the observ¬ 
ations recorded in Parts I, II, and III. 

Tropical Medicine and Hygiene, Royal Society of; i x. 
Cbandos Street, W. at 8.13 pm. z. Dr. G. C Low, 
"On the Use of a drug nanu^ 'Smalarina* in the 
treatment of Malaria." 3. Prof. Yorke, “ Further 
Observations of Malaria made during Treatment of 
General Paralysis." 

Anthropological Society, 

" ?Ti ^Seds^"'*^ 


32, Upper Bedford Place, W.C. 
Section.) Mrs. S. Stevenson, 


Antiquaries Society, Burlington House, Piccadilly, W. 
8.30 p.m. 


Institut Francais du Royaums Uni, 3, Cromwell Gardens, 
S.W. 9 p.m. M. M. Thl^, " Let Jouxnalistes et la 
Revolution de 2830." 

University of London, University College Hospital 
Medical School, Gower Street, W.C. 5 P.in. Dr. 
J. Hay, "Cardiology." (Lecture III.) Lecture IV 
on June 19th. 

At King's College, Strand, W.C. 6.30 p.m. Dr. 
O. Vocadlo, " The Czechoslovak Re^lio To-day." 
(Lecture IX.) 



JOURNAL OF 
ROYAL -SOCIETY OF ARTS. 


No. 3.787. 


VOL. LXXIIl. 


FRIDAY, JUNK 10, 1926. 

All commuuuMliom for the Soriett/ nhould be athlreeteil to the Secretary, Johu Street, Ailelyhi, W’.C. 2. 

FINANCIAL STATEMENT FOR 1924. 

Tho following statoinoiit is published in this week's Journal in accordance with 
Sec. 40 of the Society's By-laws: — 

INCOME AND EXPENDITURE ACCOUNT. 

January 1st to December 31st, 1924. 


£ f. d. £ ». 


Journal, inuliiding Prlntiug, 

PubliHhing and Advert¬ 
isements . 3,201 6 6 

Library and Bookbinding .. 82 1 4 

Medals:— 

Albert.21 16 6 

Society's. 32 3 6 


Dominions and . 

Colonies .... 82* 6 3 
Indian.125 10 3 


- 207 10 6 

Cantor Lectures .. 177 0 

^ — -3J22 0 

Expenses of Examinations.. 0,643 8 

House;— 

. Rent, Hates, and Taxes .. 434 13 5 

Insurance, Gas, Coal, Expen¬ 
ses and Cliarges incidental 

to Meetings... 507 4 0 

Repairs. 24.') 4 6 

-1,247 

Olflee Expenses:— 

Salaries, Wages, and Pen¬ 
sions . 3,807 16 U 

Stationery and Office Print¬ 
ing . 385 .'i 9 

Advertising . 15 0 0 

Postages, Parcels, and Mes¬ 
sengers'Fares. 22411 0 

-4,432 14 

Committees:— 

General Expenses. 47 17 

Industrial Art Committees . 148 14 

Interest on Bank Overdraft 280 16 

Balance, being Excess of Income over 
Expenditure transferred to Capital 
Account (see Balance Sheet) . 074 4 


£ s. rf. £ s. d. 

By Subscriptions . 6,306 0 6 

„ liife Compositions. 540 18 0 

-6,866 7 6 

„ Interest and Dividends on 

Society's Investments .. 352 17 11 

„ Ground Rents. 383 18 It 

„ Jnterest, Dividends, and 
Ground Rents from Trust 
Funds for General Pur- 


Do. from Building and En¬ 
dowment Funds . 


-1,258 12 1 


Sales, etc.:— 

Journal . 

Do. Advertisements ... 
Cantor Lectures. 


220 18 10 
826 2 0 
22 17 I 


, Examination Fees and Advertisements in 

and Sale of Examination Papers .... 11.400 0 0 

„ Charges for Expenses for the use of Meeting 

Room . 255 3 0 

., Rent of Cellars. 66 18 
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Balance forward 


£ f. d 
584 2 2 


John Stock Trust— 

By Balance, January Itt, 1024 . 
M Interest on Investments ... 


North London Exhibition Trust.— 


June idt 1925, 


Trust 

Aecumnlatlons, 
Deo. Slat, 1024. 
r. d. t s. d. 
18 7 
10 2 

80 i 0 


Balance, January 1st, 1024. 
Interest on Investments . 


Lees Prises awarded. 

Dr. Aldrrd's Trust— 
Balance, January 1st, 1024 .... 
Interest on Investments. 


0 10 
14 10 


4 8 

14 2 


60 10 6 


62 4 0 
7 14 6 


Thomas Howard's Trust— 

Balance, January 1st, 1024 .... 67 10 0 

Interest on Investments. 10 10 8 


50 18 5 


Mulrbadt Trust— 

, Balance, January 1st, 1024 .. 
Interest on Investments- 


77 18 8 


33 12 0 
6 6 4 


Dr. Swinby’s Trust— 

Balance, January 1st, 1024 .... 200 0 0 
Ground Kents (Income from).. 180 0 0 


I.ess Cup and Prise 
awardi^d to S.r P.uil 

Vlnourailolf .2p0 

Lesn Transfer to 
Society's Income A 
Expemlituro a . 140 


I 0 

— 340 0 


Francis fione Trust— 
Balance, January Ist, 1024 .... 
Interest on Investments. 

LetH Cost of T. 8. Prlc.^’s Lectures 


66 12 3 
_8 18 10 
65 11 1 
38 7 6 


Lb Nbvb Foster Prize Trust— 
Balance, January 1st, 1024 .... 25 15 

Interest on Investments. 5 10 


27 3 7 


Fothbroill Trust— 

Balance, January 1st, 1024 .... 76 4 

Interest on Inv(>8tmonts. 13 12 


31 11 4 


Trubhan Wood Lboturb Trust— 

Interest on Investments. 32 14 

Len cost of 8lr W. p.)pe’s 
Lecture (iu.;ludlng printing) 32 14 

Bbnjamin Shaw Trust— 

Balance, January let, 1024 .... 8 16 

Interest on Investments. 4 13 


- 80 16 8 


Cantor Trust— 

Interest on Investments .. 140 

Ground Bents (Income from).. 141 


13 10 2 


281 5 

Lees Transfer to Society’s In¬ 
come ani Expenditure Ac¬ 
count .281 5 


Davis Trust— 

Interest on Investments. 78 2 8 

Lees Transfer to Society's In¬ 
come & fixpenliture Account 78 2 8 


Sir Gborgb Birdwood Mbmorial Trust— 

Interest on Investments. 36 15 0 

Lees cost of W. Foster's Lecture 
(Including Printing). 36 15 0 

Russian Ehhassy Prizb Trust— 


Balance, January 1st, 1024 .... 

10 

0 

0 

„ Interest on Investments. 

6 

0 

0 

Dr. Mann Trust— 

„ Balance, January 1st, 1024 .... 

80 

6 

6 

, „ Interest on Investments. 

51 

•‘8 

6 

i 

140 14 

0 

1 Less Cost of Juvenile Lectures 

40 

6 

0 

! Owen Jonks Mbmorial Trust— 



j To Interest on Investmentn. 

15 13 

4 

! Lees Prizes a\vardcd. 

15 

13 

4 


16 0 0 


100 8 0 


£584 2 2 


£684 2 2 


1025—Jan. 1. By Balance brought forward £684 2 2 
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BALANCE SHEET. December SUt, 1924. 

Ct. 


£ «. cf. £ 9. d. 

To Capital Account- 

Aft on January Ist, 1024 .. 73,522 12 7 
Donations ’ re Building 

Fund. 188 12 0 

Income and Expenditure 
Account Balance .... 074 4 7 

- 74,685 0 2 


Sundry Creditors. 1,415 15 2 

Bank Overdraft . .'>,715 3 8 

InduBtrlal Art Fund (Dona¬ 
tions received and not 

yet expended). 003 18 „ 


Trust Funds— 

Capital Account.10,800 

Arcuinulationa under 
Trust Income and 
Expenditure Account 584 


Sundry Creditors 


82,720 6 0 j 


2 2 

-17,48,3 0 7 

8 7 6 



£ 

«. 

d. £ . 


£5 

By Freehold Premises 






18 and 19, John Street as 






on December, 3lHt, 






1923 . 



50,302 16 

7 

„ Books, Pictures, etc. 



10,000 

0 

0 

„ Investments (see schedule) 



17,481 

8 

5 

„ Subscriptions outstanding 
„ Sundry Debtors and Ground 



2,540 

0 

0 

Rents outstanding.... 



888 10 

8 

„ Paid on Account of 1025 






Examinations . 



1,020 

0 

0 




83,222 15 

8 

., Trust Funds— 






Investments. 

16,800 

7 

5 



Ground Rents, etc. 

00 

0 

0 




— 

—16,089 

7 

5 


£100,212 3 1 


£ 100,212 8 1 ) 


H^’e have audited the above Accounts and Balance Sheet Jor 1024 with the boohs, accounts and 
vouchers relating thereto, and certify them as being in accordance therewith. U'e have verified the Bank 
Balances and investments. 


Spencer House, South Place, K.C. 2. 
0 th June. 1025. 


KNO.X, CROPPER & Co., 

Chartered Accountants. 


SCHEDULE OF THE SOCIETY’S INVESTMENTS. 

{as valued December, 1922 ). 


Oroiiiid-rents (amount invested) . £10,406 2 0 

£217 0 0 Great Indian Peninsula Hallway 4 per Cent. Guaranteed Debenture 

Stock . 157 0 0 

£500 0 0 New South Wales 4 per Cent. Stock. 445 0 0 

£500 0 0 Canada 31 per Cent. Stock . 430 0 0 

£100 0 0 Queensland 4 per Cent. Stock . 07 0 0 

£580 10 1 New South Wales 5 per Cent. Stock . 514 11 0 

£500 0 0 Natal 4 per Cent. Stock. 445 0 0 

£321 15 0 Metropolitan Water Board **11'’ Stock . 200 3 0 

£6 0 0 New River Company Shares. 6 0 0 

£3.408 14 6 India 34 per Cent. Stock . 2,181 11 8 

£600 0 0 South Aufttralla 4 per Cent. Stock . 600 0 .0 

£2 000 0 0 War Loan 5 per Cent. 2i000 0 0 


^ 17.481 8 5 
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TRUST FUNDS INVF^tMENTS SCHEDULE. 


Alfred Davies Bequest.El.oriS 0 0 

Mr. Swiney's Bequest. 4,477 10 0 

Mr. Cantor’s Bequest . 2,095 1 1 3 

Mulready Trust . 105 9 9 

Howard. Trust. 571 0 0 

Owen Jones Trust. 522 3 2 

Mr. Cantor’s Bequest .'..<3,273 10 0 

I 048 19 7 

J. Murray and others, Rulldintr Fund ....| i 0 

Francis Cobb Trust . 255 14 1 

Le Neve Foster Trust .( ‘ 

. • 42 2 1 

john Stock Trust . 70 4 0 

Shaw Trust . 03 12 o 

North London FiXhlbition Trust . 134 17 0 

Fothergill Trust . 272 7 0 

Aldred Trust . 154 g o 

Endowment Fund . 394 7 

“Trueman Wood” Lecture Endowment Fund 054 16 7 

Sir George Birdwood Memorial Fund .... 734 19 9 

Busslan Embassy Prlre . 100 0 0 

anil Trust. 1,028 9 2 


Great Indian Peninsula Railway 4 per cent. 


Guaranteed Debenture Stock .£1,800 0 o 

Ground-rents (amount expended) . 4,477 10 0 

Do. do. do. 2,095 11 ^ 

National r> per cent. War Bond, 1927 .... 109 10 ^ 

Metropolitan Railway 3) per (’cnt. Stock 610 9 5 

India 3 per cent. Stock . 423 0 0 

Do. do. . 

Bombay .and Baroda Railway Guaranteed [ 2 673 10 0 

3 per Cent. Stock .) 

India 31 per Cent. Stock. 20 10 0 

5 per Cent. War Loan . 54 18 0 

New South Wales 31 per Cent. Stock 1930-50 2.50 0 

34 iH‘r Cent. War J-oan. ifio 0 0 

5 do. do. 40 0 0 

5 do. do. 100 0 0 

5 do. do. 129 0 0 

5 do. do. 184 15 8 

5 do. do. 374 0 ') 

5 do. do. 210 17 « 

6 do. do. 525 2 3 

National 5 per Cent. War Bonds 1928 .... 654 18 • 

5 per Cent. War Loan . 674 0 0 

5 do. do. 91 9 3 

5 do. do. 900 0 0 

£10 899 7 5 


NOTICES. 

ANNUAL GENERAL MEETING. 

The Council hereby give notice that the One-hundred-and-seventy-first 
Annual General Meeting, for the purpose of receiving the Councirs Report 
and the Financial Statement for 1924, and also for the election of Officers 
and new Fellows, will be held, in accordance with the By-laws, on Wednesday, 
June 24th, at 4 p.m. 

(By Order of the Council) 

George Kenneth Menzies, 

Secretary. 


SOCIETY’S ALBERT MEDAL. 

The Albert Medal of the Society for the current year has been awarded 
by the Council, with the approval of His Royal Highness the President, 
to Lieut.-Colonel Sir David Prain, C.M.G., C.I.E., M.B., LL.D., F.R.S., 
for the application of Botany to the development of the raw materials of 
the Empire." 
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FUND FOR PURCHASING THE SOCIETY’S HOUSE. 

The following contributions to the Fund for Purchasing the Society’s House 
have been received since the last announcement was published in the Journal :— 

i s. d. 

Amount previously acknowledged .. .. .. .. 42,931 15 5 

P. Elahi Buksh, Esq. .. .. .. .. .. .. 500 

Cyrus B. Haldeman, Esq. .. .. .. 50 0 

James Robinson, Esq., Assoc.M.Inst.C.E. .. .... 220 

John Nimmo Wardrop, Esq. .. .. .. 220 

Professor John Uri Lloyd, Ph.D., LL.D. (in addition to 

previous donations amounting to £14 19s.) .. .. i 17 o 

Percy Hamilton McKay, Esq. (second donation) .. .. i l o 


£42,94817 5 


Fellows of the Society are reminded that the amount aimed at by the Council 
is £50,000, which will cover the cost of renovating and decorating the House. 


INDIAN SECTION. 

Friday, 121 h June, 1925. Sir Louis W. Dane, G.C.I.E., C.S.L, in the 
Chair. 

A paper on ** The Heart of Asia and the Roof of the World " was read by 
Brig.-Gen. Sir Percy Sykes, K.C.I.E., C.B., C.M.G. 

The paper and discussion will be published in a subsequent number of the 
Journal, 


PROCEEDINGS OF THE SOCIETY. 


TWENTY-SECOND ORDINARY MEETING. 

Wednesday, May 2 oth, 1925 . 

Mr. a. a. Campbell Swinton, F.R.S., late Chairman of the Council, in 
the Chair. 

The Chairman, in introducing Professor Fleming, said that the Society had 
met that evening to celebrate the centenary of the electro-magnet, and it was 
very fortunate in having Professor Fleming, one of the best lecturers on electrical 
subjects in the world, to address it on this occasion. Professor Fleming had been 
at a great deal of pains to set up apparatus for demonstration, and he was sure 
that the evening would prove a most interesting one. 
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The paper read was :— 

WILLIAM STURGEON AND THE CENTENARY OF THE 
ELECTROMAGNET. 

By Professor J. A. Fleming, D.Sc., F.R.S. 

One hundred years ago, almost to a day or two. in May, 1825, a Paper was 
presented to this Society, and published in its Transactions for that year,^'^ 
in which was described for the first time an instrument in a rudimentary 
form which proved to be one of the great inventions of electrical science. That 
invention was the electromagnet with soft iron core, and the inventor of it was 
William Sturgeon, whose name and work we desire to commemorate to-day. 

Five years before that date, Hans Christian Oersted, of Copenhagen, hjyi 
announced in a Latin thesis published on July 21st, 1820, his discovery, 
made early in April, 1820, that the wire joining the terminals of a voltaic pile 
possessed the power of causing a freely suspended magnetic needle to place 
itself at right angles to the wire, and thus laid the foundation stone of a new 
bi'anch of science, viz., electromagnetism. 

In the same year Arago, in France, had drawn the logical conclusion and 
verified experimentally that a steel needle laid at right angles to the wire 
conveying a voltaic current should become permanently magnetised.^^^ On 
seeing this experiment. Ampere had at once made the suggestion that the 
effect would be improved by winding the wire spirally round the needle, and 
this was found to be the case. 

The next few years furnished more contributions to our knowledge of the 
magnetic properties of a wire conveying an electric current made by the genius 
of Ampere, Arago, De la Rive, Schweigger, Faraday and J^arlow, but to none 
of these brilliant investigators came the idea that temporary and instantly 
reversible powerful magnetisation could be bestowed upon a bar of soft iron 
by embracing it by a helix of wire through which an electric current from a 
voltaic battery was sent. 

That conception first sprang up in the mind of a self-taught electrical amateur, 
William Sturgeon, a shoemaker by trade and at one time a private soldier in 
the 2nd Battalion of the Royal Artillery, who, though weighted with grave 
disadvantages from lowly birth and imperfect education, was yet remarkable 
for his great abilities and enthusiasm as an electrical investigator. He gave 
to science an imperishable donation in the electromagnet which proved to be 
the basis on which has been erected nearly all the subsequent developments 
of electrotechnics. 

The electromagnet in some form or another is the fundamental element in 
the dynamo, the electric motor, the transformer, of nearly every telegraphic 

<i) See Transactions of the"Society of Arts, Vol. 43, p. 38, 1825. 

(9) Araga. Annals de Chemie et de Physique. Vol. 15, 1820. The .same fact was 
discovered independently by Davy." Annals of Philosophy, 1821. 
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instrument, of the telephone, the loading coil, the electric bell, and is the most 
effective means of exerting mechanical force at a distance, or actuating and 
controlling mechanism of any kind. 

In 1825, William Sturgeon presented to the Society of Arts a collection of 
apparatus made with his own hands, for illustrating the principal facts of the 
new science of electromagnetism in which he was a pioneer, and the Society 
gave him in recognition its silver medal and a premium of thirty guineas. 



Fig. I —William Sturgeon, Inventor of the Electromagnet, 1783-1850. 

The following paragraph is a verbatim extract from the Minutes of the Society 
of Arts for May i8th, 1825, kindly furnished by Mr. G. K. Menzies :— 

" A Report from the same Committee (Committee of Mechanics) on 
Mr. Sturgeon's apparatus for exhibiting the principles of electro-magnetism 
and on giving him the silver Vulcan medal and Fifteen Guineas as a 
bounty for the same, being read:— 

An Amendment was proposed by Mr. Gill and seconded by Mr. D. 
Campbell that the words Silver Medal and Thirty Guineas be substituted 
for those of Silver Vulcan Medal and Fifteen Guineas, as a« Bounty, on 
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condition of his leaving a complete apparatus and descriptioh thereof 
. . with the Society for the use of the Public and relinquishing ill pretensions 
to a Patent, and that the words concluding the Resolution, viz., on condition 
> 0/ his leaving his apparatus with the Society for the purpose of making 

drawings^ be omitted, which was agreed to. 

The Report so amended was put and agreed to.'* 

Also the following paragraph is an extract from the Minutes of the Society 
of Arts, for May 21st, 1825, concerning the same Award :— 

** On reading those parts of the Minutes which related to. 

. Mr. Sturgeon's apparatus for exhibiting the principles of electro magnetism 
and on giving him the Silver Medal and Thirty Guineas as a Bounty for 

the same.Ballots were taken and the Bounties confiimed#" 

Amongst this apparatus was a horseshoe of soft iron formed of a round bar 
about 12 inches long and about \ an inch, in diameter. This was varnished 
with some insulating material and had wound upon it 18 turns of bare copper 
wire, the ends of which dipped into two mercury cups. These cups were also 
the terminals of a single voltaic cell, comprising two plates of copper and zinc 
spirally interwired without touching, exposing about one square foot of opposed 
surface. The plates were immersed in a pot of dilute acid. The resistance of 
the whole circuit being low, the current was fairly large, and when the con¬ 
nection was made the iron became powerfully magnetised, and when a cross 
bar of iron was put across the ends of the horseshoe, it sustained a weight of 
9 lbs. Sturgeon showed that when the connections of the magnet wire and 
battery were reversed, the polarity of the magnet changed, and that the mag¬ 
netism disappeared when that circuit was interrupted. 

The following extract is taken from Sturgeon's Paper in the Transactions 
of the Society of Arts (loc. cit.) 

Extract from the account of Sturgeon's Electro-Magnet Apparatus, Trans¬ 
actions of the Society, Vol. XLIII, page 48, 1825. 

“ Figs. 13 and 14, A front and side view of a stand with two connecting 
cups Z and C made of wood, in which the bent iron wire wound round 
with copper wire s supported by the two copper wire ends. On making 
the .galvanic connection through the copper wire, the iron wire becomes a 
strong horseshoe magnet, and will support a heavy bar of iron asy fig. 14 ; 
but on lifting the connection wire d fig. 13, out of the cup Z, the weight 
immediately drops, and on restoring the connection, the power is restored, 
then if you change Z for C, it will change N for S, or if you only wrap the 
copper wire about the iron wire, as a right threaded screw instead of a 
left one, as in the drawing, it will change N for S. This is explained by 
what takes place in figs. 7, 8, and 9." 

Sturgeon also included in his gift a straight bar electromagnet wound over 
mth a single layer of bare copper wire and adapted to be placed in the s ime 
mercury cups as the horseshoe. 
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Sturgeon's horseshoe magnet had an iron core weighing 7 ounces, and it 
could therefore sustain about 20 times its own weight when magnetised. Un¬ 
fortunately, in the lapse of time and the changes which have taken place, this 
inviduable relic, the first electromagnet, has disappeared, and I am therefore 
only able to present to you a replica constructed by me to imitate it, from the 
diagram and data given by Sturgeon himself in his paper. Sturgeon's important 
invention instantly commanded attention and numerous electricians 
endeavoured to improve it by increasing the sustaining power of the magnet. 



Things, however, which are now familiar even to babes in electromagnetism 
were then hidden from the wise and prudent, and years of experimental groping 
in the dark had to take place before the now well understood properties of the 
electric and magnetic circuits and the relation of their fundamental measurable 
qualities were clearly ascertained. It was not until two years after Sturgeon 
gave us the electromagnet, that Dr. G. S. Ohm, in Germany, in 1827, published 
his epoch-making essay or thesis on the ** Galvanic circuit mathematically 
investigated," in which he enunciated the celebrated Ohm's Law^’^ 

Even when important new physical phenomena have been observed, some 
considerable time generally elapses before a clear recognition is reached as 
to the special qualities or quantities which must be named and measured and 
their interconnections sought. It was, therefore, only by degrees seen that 
in the electromagnet we have two intertwined paths or circuits called the 
electric and magnetic circuits in which exist two states or fluxes called respec¬ 
tively the electric current and the magnetic flux, which states are produced 
by two agencies, viz., the electromotive and the magnetomotive forces. These 
fluxes are, so to speak, limited in amount for given forces by two qualities of 
the circuits called their electric resistance and magnetic reluctance, or we may 

(3) Die Galvanische Kette Mathematisch hearheitet. For the English Translation see 
Taylor's Scientific Memoirs. Vol. II, p- 40*- 1841. 

Ohm's work was announced in a book published by him in Berlin in 1827, hut was not 
made known in England until 1841, by the Translation in Taylor's Scientific 
Memoirs, 
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say are permitted by reciprocal qualities, viz., the electric conductance and 
magnetic permeability of these circuits. 

The three factors are connected by similar relations. In the electric circuit 
the current is proportional to the electromotive force and inversely as the 
resistance of the circuit. In the magnetic circuit the magnetic flux is pro¬ 
portional to the magnetomotive force and inversely as the reluctance. But 
there is this great difference, that whereas the electric resistance at the same 
temperature is independent of the current flowing in the magnetic circuit, 
the magnetic reluctance or its reciprocal the permeance is a function of, and 
depends on, the magnetic flux. Moreover, there is a cross connection between 
the two circuital laws which is expressed by saying that the magnetomotive 
force in the magnetic circuit is proportional to the product of the current ki 
the electric circuit, and to the number of turns this current makes round the 
magnetic circuit. In other words, the magnetising power of the current 
depends on the product of the current and the turns or on the ampere-tums. 

There are also many important differences between the two circuits which 
depend on the fact that whereas wc can insulate completely an electric current, 
that is, keep it in a required path, we cannot insulate magnetic flux or constrain 
it to exist only in an assigned circuit. Moreover, the electric current in an 
electric circuit dies away very quickly when the electromotive force is removed, 
but the magnetic flux may continue to exist for an indefinite time in a magnetic 
circuit after the magnetomotive force has been withdrawn. 

The matter which chiefly excited scientific interest in connection with 
Sturgeon’s invention was the lifting power of the electromagnet or force 
required to detach a piece of soft iron called an armature from the poles. 
An immense number of observations were accumulated, and empirical rules 
formulated, but the Law of Traction, as it is called, was stated in its greatest 
simplicity by Maxwell in his Treatise on Electricity and Magnetism in the 
following form:— 

If we consider a magnetic circuit say of iron to be traversed by a magnetic 
flux the density of which reckoned in lines per square centimetre ” is B, and 
if A is the area of cross section of the circuit, then if we imagine the circuit 
cut across the pull in grammes weight required to separate the parts is 
{B*A) /(981 X Stc). It is, in fact, proportional to the square of the 
magnetic flux density. 

Amongst those who endeavoured to produce electromagnets of great lifting 
power were J. P. Joule, afterwards celebrated for his thermodynamical 
researches, and Joseph Henry, then a teacher in the Albany Institute, New 
York. Henry succeeded in 1828 in improving Sturgeon’s electromagnet 
by winding it with many turns of fine copper wire insulated with silk in place 
of the single bare winding employed by Sturgeon. He thus produced what 
he called intensity magnets,” which required only a small electric curritit, 
but one generated by a large number of voltaic cells in series, to operate them. 
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Under these conditions, Henry was able to actuate his electromagnet at a 
distance through a copper wire of no great thickness, whereas Sturgeon's 
single winding magnet could only exhibit lifting power when worked close to 
its battery of one large cell. The reasons for these facts, so obvious to us now 
in the light of Ohm’s Law, were then extremely puzzling to the pioneers in 
electromagnetism. Henry’s employment of insulated or covered wire for the 
windings of his electromagnet was a great step in advance. He, in fact, 
discovered that the magnetising power of the current depended on the product 
ot the current and the turns of wire, and that it was possible to produce powerful 
magnetisation by a small current provided the number of turns of wire through 
which it circulated round the iron was large. This enabled him to actuate 
electromagnets at a distance by means of a small electric current transmitted 
through a thin copper wire and thus made possible telegraphic instruments 
such as those of Morse and Hughes. 

J. P. Joule gave his attention chiefly to improving the lifting power of the 
electromagnet. 

Sturgeon had left the Army and removed his residence from Woolwich 
in London to Manchester in 1838, where he had been called to act as Superin¬ 
tendent of the Royal Victoria Gallery of Science, an institution intended, 
like the Adelaide Gallery in London and the old Polytechnic in Regent Street, 
to foster a popular interest in science. All of these institutions, however, after 
a few years of unremitting labour on the part of their founders and superin¬ 
tendents, failed to obtain sufficient support from a public more intent on 
amusement than on the acquirement of scientific knowledge. 

Sturgeon had in 1836 started a monthly periodical called the Annals of 
Electricity, by the circulation of which, and by itinerant lecturing, he endea¬ 
voured to support himself and his family. He was thus brought in contact 
with Mr. James Prescot Joule, a Manchester brewer. Joule contributed to 
Sturgeon’s journal an account of his own electromagnetic researches. 

Without giving any clear expression of magnetic theory. Joule obviously 
aimed at increasing the magnetic flux in the magnetic circuit by decreasing 
its reluctance. With this object, he greatly increased the cross section of the 
iron core of his electromagnet and shortened its magnetic length, and also 
reduced the reluctance of the circuit by improving the contact surfaces of 
the magnet and armature. 

One of Joule’s electromagnets was in the form of an iron tube with one sector 
cut off so as to be able to wind the major part with insulated wire. The smaller 
iron part constituted the armature. There was thus a good contact surface 
of large area and a magnetic circuit of small reluctance. A certain Joule 
tubular electromagnet, weighing only 15 lbs., required a pull of nearly 2.100 
lbs., or I ton, to detach Us armature. 

Joule also devised a form of electromagnet of two parts, each comprising 
a disk of iron with iron teeth set perpendicularly to the disk like, a crown wheel. 
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The wire winding was put on the teeth zigzag fashion. The two parts of the 
magnet were placed tooth to tooth and the polarity of the teeth was alternately 
North and South round the circumference. Joule thus produced electro¬ 
magnets of great lifting power for the current employed, and his success was 
due to the increase in the magnetic flux density for a given magnetomotive 
force in ampere-turns, brought about by enlargement of the cross section 
and reduction in the length of the ms^etic circuit. 

In recent years such lifting magnets have become of industrial importance 
in lifting scrap iron and steel borings, and turnings and iron castings too hot 
to touch, all of which are difflcult to handle by manual power. Also, large 
electromagnets are used to raise heavy iron balls, called skull crackers, which 
are then allowed to fall from a height and thus break up old iron castings or# 
disused machinery for melting down again. 

Electromagnetic clutches and breaks for tramcars are other applications of 
electromagnets of great tractive power. 

The work of Sturgeon, Henry and Joule enabled large electromagnets giving 
powerful interpolar fields to be constructed and furnished scientific investigators 
with a new and powerful tool. 

Thus Faraday had constructed for the Royal Institution several electro¬ 
magnets. With one of these he made his famous discovery of the rotation of 
the plane of polarised light by a magnetic field. With another constnicted in 
1845 and still preserved at the Royal Institution, he conducted his great 
researches on magnetism and diamagnetism. 

Similar large electromagnets were made by other physicists, such as Pliicker 
in 1847, and with even more powerful electromagnets physical effects such as 
Zeeman's discovery in 1896 of the multiplication of the lines in the spectrum 
by a strong magnetic field, which was looked for in vain by Faraday, have been 
discovered. 

The complete scientific study of the electromagnet may be said to have begun 
only with its application in the construction of the dynamo. Just as the 
attempt to lay long submarine cables compelled attention to the electric 
qualities of copper and to the measurement of electric quantities, so the use of 
iron in dynamos necessitated a closer scrutiny of the magnetic qualities of 
iron and of the measurement of magnetic quantities. The work of Lord 
Kelvin and the researches of Sir Alfred Ewing on this subject are classical and 
fundamental. Neither can we forget nor forbear to mention the labours of 
Rowland, Bosanquet, Heaviside and the Brothers Hopkinson, which greatly 
illuminated the subject. 

The introduction of the ring method of experiment, first suggested by 
Kirchhoff, and employed by Rowland, Bosanquet and Hopkinson, made use 
of a poleless electromagnet with homogeneous circuit, thus eliminating the 
complicatioiis involved in a magnetic circuit partly of iron and partly of 
air. Winding over such a ring with a known number of turns of insulated wire 
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and sending a measured electric current through the wire, we apply to the iron 
a known magnetomotive force, and create in it a magnetic flux reckoned in so 
many lines or kilolines per square centimetre of cross section. If we embrace 
the ring with a secondary coil of known resistance and known number of turns 
and suddenly reverse the direction of the magnetising current, the magnetic 
flux is reversed in direction and as a consequence of Faraday’s Law, an induced 
electromotive force is created in the secondary circuit and a quantity of electri¬ 
city urged through it which is proportional to the flux. In this manner we can 
measure two quantities, viz., the magnetising force H or magnetomotive force 
per unit of length of the magnetic circuit and the magnetic flux density B or 
lines of flux per square centimetre of cross section of the magnetic circuit, 
and can plot a curve called a B-H, curve for that iron. The ratio of B to H 
at each point of the curve is called the permeability (|x), and the permeability 
curve for iron begins with a value of about 100-400 for small magnetising 
force and rises up to about 5,000-6,000 units for ordinary soft iron and then 
falls off again towards a low value of too or less as the iron reaches its state of 
saturation when B ceases to increase with H. 

The consideration of these facts long ago suggested that the process of 
magnetising iron does not consist in the creation of a new physical state but 
in the bestowing identity of orientation upon a number of elementary magnetic 
particles or units which in the non-magnetic condition are arranged in a dis¬ 
orderly manner. This theory of magnetisation, commonly attributed to Weber, 
explains in a general way a number of facts and the reason for the form of the 
magnetisation curve. Also it supplies a plausible explanation for the facts of 
magnetic retentivity or that some magnetisation remains after the magnetising 
force is withdrawn. The Weber theory also supplies in a certain approximate 
manner an explanation of the phenomena of cyclical magnetisation. 

If we apply a gradually increasing magnetic force in one direction to a bar 
of iron and then reverse it, and carry it to an equal value in the opposite 
direction and finally bring it back again to zero, we operate on the iron with a 
cycle of magnetic force. If the corresponding values of the magnetic flux are 
measured at each stage and the cyclical B-H curve plotted out, we have a 
closed curve called by Sir Alfred Ewing a hysteresis curve because the flux lags 
behind the force at each step. The area of this curve is proportional to the 
work done on the material per unit of volume in carrying it through this 
magnetic cycle. This hysteresis loss is, therefore, of enormous importance 
in connection with alternating current electromagnets as it implies an energy- 
dissipation in the material. It was soon found that small variations in the 
chemical constitution and physical state of the material had an immense 
influence on this hysteresis loss as also upon the permeability of the material. 

Accordingly, as soon as electrical engineering work began on a large scale, 
builders of dynamos and of transformers made demands on iron and steel 
manufacturers for special materials. One kind of iron or steel was required 
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which had the highest magnetic permeability under flux densities near to 
saturation. This has been produced in the form of a steel which is nearly 
pure iron. It was required for the field magnets of dynamos. A different 
kind of material was required for transformer cores and alternating current 
work, viz., one in which the hysteresis loss was as small as possible and the 
electric conductivity also small, so as to hinder what is called eddy current 
losses. A special type of low carbon silicon steel was discovered by Sir Robert 
Hadfield in 1882, which gives us an immensely valuable material for this purpose. 

Quite recently a third demand has been put forward for a magnetic material 
which must have extremely large magnetic permeability for very low magne- 
tjising forces and at the same time very large electric resistivity. Such material 
is required for the uniform loading or over winding of telephone and telegraph 
cables to which fuller reference is to be presently made. In spite of the widfe 
range of magnetic properties involved, iron and steel manufacturers have been 
able to meet these requirements in a most remarkable manner. 

A brief reference to the physical constitution of the ferromagnetic metals 
and their alloys will be of help in understanding something of the way in which 
this has been done. 

In the 8th column of the Mendelejeff's Periodic .Series of the Elements there 
are three groups each of three metals of approximately the same atomic weights 
and consecutive atomic numbers. For present purposes the most important 
of these is the Iron, Cobalt, Nickel group called the Ferromagnetic Metals. 
Faraday showed that all the remaining elements can be divided into two 
classes, viz., paramagnetic and diamagnetic, and these may be defined by saying 
that the paramagnetic class have slightly greater permeability or conducting 
power for lines of magnetic flux than vacuum, and the diamagnetic class 
slightly less permeability. 

The ferromagnetic metals, have, however, enormously greater permeability 
than vacuum, and also when magnetic flux has been created through them it 
may persist after the magnetising force is withdrawn, thus making them 
exhibit permanent magnetisation. This unique ferromagnetic property, 
however, disappears if these metals are heated beyond a certain temperature, 
and it disappears also if those ferromagnetic metals are alloyed with certain 
other metals or elements even when the ferromagnetic metal is present in 
largest proportion. 

Very roughly speaking, the temperature at which the special ferromagnetic 
property disappears and is reduced merely to paramagnetic power is for iron 
about 780® C., for cobalt 1090® C., and for nickel 360® C. These temperatures 
are not sharply marked. There is for each metal a range of rising tempera¬ 
ture over whid the permeability first rapidly increases, and then quickly falls 
down again to neairly unity. 

Another most notable .fact is that alloys in certain proportions of the ferro¬ 
magnetic metals or ferromagnetic and certain paramagnetic metals are often 
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destitute of ferromagnetic properties. A striking instance is the Manganese 
steel discovered by Sir Robert Hadheld in 1882. This consists of 88 per cent, 
of iron, 12 per cent, of manganese and small amounts of carbon, silicon, etc. 
The permeability of this aUoy in its normal condition is only 1.3, or about 
the same as that of liquid oxygen. It is a paramagnetic substance. I am 
indebted to Sir Robert Hadheld for a specimen of this alloy I now exhibit. 
The remarkable fact is that if this alloy is heated for at least 60 hours to 4oo°C. 
or 5oo°C. and then rolled slowly it passes into a magnetic condition in which 
it possesses a considerable magnetic permeability and a bar of this manganese- 
steel so treated can be lifted up by a permanent steel magnet, whereas in its 
normal condition this manganese-steel is not attracted by a magnet. 

Another instance is the non-magnetic cast-iron of Messrs. S. E. Dawson and 
Ferranti. Its composition is 81 per cent, iron, 6 per cent, manganese, 9 per 
cent, nickel, and although possessing all the mechanical properties of good soft 
cast-iron, the magnetic permeability of this material is only about 1.3. Filings 
or turnings of the material are somewhat more magnetic than the mass. A 
description of the preparation and properties of this non-magnetic cast-iron 
given by Mr. S. E. Dawson will be found in The Foundry Trade Journal for 
May 20th, 1924, and also in the British Patent Specification No. 204,598 of 
November 25, 1920. This material in its ordinary condition has a magnetic 
permeability of 1.02 and after heating to 900® C. and annealing this increases 
to 1.12. If previous to this heat treatment it is plunged in liquid air and 
cooled to—190® C, its permeability is increased to 2.03. If cooled in liquid air 
after the heat treatments its permeability is increased to 7.62 and it is easily 
attracted and lifted by a magnet. These figures were obtained by experiments 
made at University College, London, in the Electrical Engineering Department 
by Mr. S. R. Witt. The late Dr. John Hopkinson pointed out 40 years ago 
(in 1885), fhe remarkable power of the element manganese when present in 
any large proportion in iron to reduce the permeability of the material to 
values not much above unity. 

The element manganese appears not only to have the power of destroying 
ferromagnetic qualities in iron but also of creating them in non-ferrous alloys. 
An instance of this is the Heusler alloy of manganese, copper and aluminium. 
The two latter are normally diamagnetic elements, but an alloy in the propor¬ 
tions of manganese 22.42 per cent., copper 60.49 per cent, and aluminium 
11.65 per cent., has marked ferromagnetic properties. It exhibits normal 
magnetisation and hysteresis curves, and has a maximum permeability of about 
28-30 as shown in an examination of it by Sir Robert Hadfield and me iri 1905.^^^ 
This alloy nearly corresponds in composition to a molecular formula, 
Mn A 1 Cu^, the percentage composition of which would be Mn 26 per 
cent., Cu. 60.2 per cent., A 1 12.8 per cent, nearly. 

(4) See J. A. Fleming and R. A. Hadfield, Proc. Roy. Soc., Land., Vol. A, 76, p, 271. 

190^, On the magnetic qualities of some alloys not containing iron. 
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The curious thing is that the manganese-copper alloy having 30 per cent, 
manganese and 70 per cent, copper is nearly non-magnetic, but the addition 
of the third element, which may be either aluminium arsenic, antimony, zinc, 
or tin, was found by Heusler to bestow at once ferromagnetic properties on 
the alloy. This seems to point strongly to the facts as stated in the above 
mentioned paj^r by Sir Robert Hadfield and me, that ferromagnetism cannot 
altogether be an atomic property merely but must depend in some way on a 
special molecular grouping. 

A vast number of facts have been collected in the last half century concerning 
the vagaries of the nickel-iron alloys in varying proportions and the extra¬ 
ordinary effects of temperature upon them. 

Dr. J. Hopkinson showed in i8go that an alloy of 75 per cent, iron, and 25 
per cent, nickel, both strongly ferromagnetic metals, had a permeability of 
only 1.4 for any value of the magnetising force. It was practically non¬ 
magnetic. If, however, this alloy was cooled to o® C., or below the freezing 
point of water, it became as magnetic as cast iron ([ji= 62 for H==4o), and 
retained this augmented permeability. If then it is heated to 580° C. it passes 
back into the non-magnetic condition, and retains it until once more cooled 
below zero centigrade. Hence at atmospheric temperatures this alloy can 
exist in two different states, one highly magnetic and the other practically 
non-magnetic. Sir Robert Hadfield has been so kind as to send me a bar of 
this nickel steel having the composition Ni. 26%, Mn. 1.15%, Si. 0.78%, 
C. 0.52%, Fe. 71.55%. In its normal condition it is non-magnetic. If heated to 
900®C. and then immersed for half its length in liquid air the half so immersed 
becomes magnetic, and as you will see, presents the curious phenomenon of 
a bar which is in one half magnetic and in the other non-magnetic. 

But a more important nickel-iron alloy has been investigated and prepared 
of late in the Research Laboratories of the American Telephone and Telegraph 
Company and of the Western Electric Company in U.S. A. which has been called 
Permalloy. It consists of 78J per cent, of nickel, and 21J per cent, of iron, 
and is remarkable for its immensely enhanced permeability under low magnetic 
forces. The special utility of this alloy is in the uniform or continuous loading 
of telephonic and telegraphic cables. 

Time wiU not permit any full statement of the theory of the telephone cable. 
Suffice it to say, that when a wave or train of electric current waves is sent along 
a cable, the wave form of that current corresponding to the acoustic wave form 
of some articulate sound, the small ripples or irregularities or so-called higher 
harmonics in that wave form die out more quickly than the fundamental wave. 
Hence a long telephone cable distorts the speech waves, and beyond a certain 
distance they become unintelligible when translated back to sound. 

The late Mr. Oliver Heaviside was the first to show that this distortion could 
be reduced by “ loading ” the cable or giving it more inductance or electric 
inertia. His ideas were put in practical form by Professor I. Pupin, of New 
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York, when he inserted “ loading coils," which are, in fact, poleless electro¬ 
magnets at proper intervals in the line. 

Another and more feasible method for submarine cables is the Krarup or 
uniform loading in which the copper conductor is wound closely over with one 
or more layers of iron. The magnetic forces brought into existence by the 
feeble telephonic currents are, however, very small, not more than 0.2 of a 
C.G.S. unit, and hence to obtain much useful result we require a magnetic 
material which has a very large permeability for very small magnetic forces. 



Fig. 4—Magnetisation Curves for Iron 
and Permalloy. 
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1 ^'ig. 5—Curves of Permeability 
of Iron and Permalloy. 


This is exactly what the permalloy gives us. At or near zero magnetic 
force the permeability of the best soft iron may be about 100 or from 200 to 
400 at most. For permalloy, a permeability of 13,000 has been found for zero 
magnetic force. For magnetic forces not exceeding .05 C.G.S. unit or a quarter 
of the earth's horizontal magnetic force in England the permeability of pemi- 
alloy may reach 87,000 to 100,000 or more. The curious thing is, that for large 
magnetic forces the permeability may be less than that of soft iron. On the 
other hand, the permalloy possesses far less hysteresis loss and much greater 
electric resistance than the purest soft iron. 

We are thus presented with a material having very surprising and unique 
magnetic and electric qualities, and the interesting question which presents 
itself is how to account for these on any accepted or possible theory of ferro¬ 
magnetism. 

Some three years ago. Sir Alfred Ewing published an important paper on 
Models of Ferromagnetic Induction, in which he showed that a ferro-magnetic 
body cannot be represented simply by rows of pivoted small magnets which 
are colineated in direction by an external magnetising force and constrained 
by their interaction on one another. (See Proceedings of the Royal Society of 
Edinburgh, Vol. 42. p. 97, 1922,) He gave reasons for believing that the 
magnetic element or Weber element which turns under the action of the 
magnetising force on iron is not the atom as a whole but some displaceable 
part in the atom. By ingenious models he represented the atom, say of iron, 
as consisting of something equivalent to 8 fixed magnets at the comers of a 
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cube, and the rotable part as a set of 4 pivoted and interconnected nxagnets 
in the centre. The control which resists the colineation of these movable 
parts comes from the outer shell of each atom itself and not from the mutual 
action of neighbouring atoms. Although the theory has much to recommend 
it when we are considering only pure simple ferromagnetics such as iron, it is 
difficult to find in it an explanation of the peculiar effect of manganese in 
destroying ferromagnetic power even when present only to the extent of 10 
or 12 per cent. Nor does it seem to explain the ferromagnetism of the Heusler 
alloys, nor the magnetic anomalies of the nickel-iron alloys. It demands a 
special supplementary assumption to account for the disappearance of ferro- 
n^agnetism at and beyond a certain temperature. The X-ray spectroscopic 
analysis and microstructure examination has shown us that there are definite 
crystal structures in iron and steel which have relation to the mechanical an& 
magnetic qualities of iron in its various allotropic forms. The X-ray analysis 
reveals that the atoms are arranged in certain regular groupings o lattices. 
The atoms can vibrate about certain mean positions, and no doubt also 
rotate round certain axes. 

We know little or nothing about the nature of the force which holds together 
the atoms in solid bodies, commonly called the cohesive force. . All our know¬ 
ledge about the atom seems, however, to indicate that it is an electrical structure 
built up of protons and electrons, and hence the parts of an atom are held 
together by electric forces. 

It is not, therefore, unreasonable to assume that the cohesive force is also 
electric and that the atom has polarities or regions on its surface, as far as it 
can be said to have a surface, at which these’are manifested. Accordingly 
atoms will tend to arrange themselves in certain regular groupings to satisfy 
these polar attractions and repulsions just as a collection of pivoted magnets 
in proximity would do. 

The atom according to the Rutherford-Bohr theory comprises a nucleus 
around which revolve in various orbits a family of electrons in number equal 
to the atomic number of the atom. These orbits are not always circular but 
may be ellipses of great eccentricity, neither are the orbits always co-planar. 

These electrons cannot rotate round the nucleus at any and every possible 
distance but only in certain orbits called quantum paths, in which the angular 
momentum for a circular orbit is an exact integer multiple of a certain small 
unit, called the Planck Constant, and for elliptic orbits is determined by three 
quantum numbers. Also, according to Bohr*s theory, when an electron is 
circulating in a quantum path it does not radiate energy nor does it produce any 
magnetic field. 

Radiation and, therefore, the production of a magnetic field only takes place 
when an electron jumps or is propelled from one quantum path to another or 
is disturbed from its quantum orbit. It has often been assumed that the 
molecular or atomic electric currents, which, in accordance with Ampere's 
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theory, are the cause of paramagnetism and ferromagnetism in certain types of 
atoms, are due to the orbital revolution of the planetary electrons round the 
nucleus. But this theory proves too much, for if it were true then nearly all 
atoms should be paramagnetic and ferromagnetic, whereas in fact the ferro¬ 
magnetic property is confined to a very small group of atoms with atomic 
numbers 25, 26, 27, and 2.8. 

One fact confirmatory of Bohr's theory that an electron revolving round a 
nucleus in a quantum path does not create a magnetic field, is that the atom of 
hydrogen which appears to consist of a single electron revolving round a 
nucleus, and which, therefore, on the ordinary theory should be paramagnetic 
is, on the contrary, both in gaseous or liquid phase, diamagnetic. It would seem 
then that the only electron orbit which can be operative in producing atomic 
magnetism is the outermost orbit from which electrons are continually being 
disengaged or taken up again, and, therefore, moving into and out of quantum 
paths, whilst preserving an angular momentum with respect to the nucleus for 
a limited time. These detachable electrons are generally called the valency 
electrons. 

There seems to be a tendency or desire on the part of the atom to make up 
the number of electrons in the outermost layer or quantum path to eight. 

If the total negative charge represented by all the planetary electrons is 
equal to the resultant positive charge on the nucleus the atom is in a neutral 
condition. If it loses electrons from any layer it becomes a positive ion. and 
if it takes up electrons in its outer layer it becomes a negative ion, and positive 
and negative ions can combine to form a neutral molecule. 

In the neutral iron atom there are 26 planetary electrons and it may have 2, 
3, or 6 electrons in the outer orbit. The iron atom is generally quadrivalent 
and can take up 4 or lose 4 or 6 electrons from its outermost quantum orbit. 

Then those charged iron atoms can combine into an iron molecule. Iron 
atoms which have lost electrons and, therefore, become positive ions can com¬ 
bine with iron atoms which have taken up electrons and, therefore, become 
negative ions. 

Thus it is possible to have an iron molecule composed of 4 atoms of iron 
united by electrical attractions. Two of these atoms have lost 4 electrons and 
are, therefore, positively electrified and two have gained 4 electrons and are, 
therefore, negative. The graphic representation would then be either as in 
(a) or (b) as below. 

+ - 


Fe Fe 


+ - 
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4 - Fe H-Fe — 

+ + - 


+ 

■ + + 

or 

— + 

-h 


— Fe — + Fe -f- 

Fe Fe 


- 4 - 


-h 

(a) ib) 



70 ^ JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


June IS, 1M5. 


The molecule (a) the affinities are all self-satisfied and the molecule is, there¬ 
fore, electrically neutral. In (h) there are 8 free affinities and hence this 4-atom 
iron molecule can combine with other similar molecules to build up cubes and 
fibres of iron molecules. The X-ray analysis and microscopic examination 
shows that this is the structure of ferrite or pure iron. The existence of this 
4-atom molecule of iron is furthermore indicated by the known fact that a 
carbon-iron molecule FegC called cementite is present in certain steels. It is 
an extremely hard substance and is obviously a 4-atom molecule of ferrite 
with one atom of iron replaced by one of carbon. 

The cubic crystal lattices and fibres of iron so built up are not separate 
but inter-connected in such fashion that each cubic crystal of 8 iron atoms has 
another iron atom at its centre. Also each atom at the comer of a cube ^ 
is common to 8 cubes. This complete crystal is called a body-centred 
cubic lattice. It is the crystalline form of pure iron or ferrite in its so-called 
Alpha or magnetic condition. In it the iron atom is probably quadrivalent. 

If the iron is heated to 800° C. or above, it changes its crystalline form and 
becomes converted into a face-centred cubic lattice in which there is an iron 
atom at each comer of the cube and one in the centre of each face. It is 
probable that in this case the iron atom is hexavalent. At that temperature 
the iron is non-magnetic and is in the form called Gamma-iron by metallurgists. 
We have not yet, however, solved the problem of the trae physical difference 
between the atom of Alpha-iron and that of Gamma-iron. Out of all the 88 
kinds of known atoms only 3, viz., iron, cobalt, and nickel, exhibit marked 
ferromagnetic properties, and Alpha-Iron is predominant amongst these three. 
The main difficulty is to decide whether ferromagnetism is an atomic property 
or is dependent on certain molecular groupings (^). Sir William Bragg has 
expressed the opinion to the Author that there does not seem to be any evidence 
the ferromagnetic property is conectned with any particular lattice structure. 

Some iron compounds such as the ferrocyanides and iron-carbonyl are even 
diamagnetic. The addition of 10 or 12 per cent, of manganese to iron which 
means the intermingling of the atom of manganese with 8 of iron destroys 
altogether the ferromagnetic property of the 88 per cent, of iron in the mass. 
In the 25 per cent, nickel-iron alloy the compound formed of i atom of nickel 
to 3 of iron may be magnetic or non-magnetic at the same temperature according 
to previous treatment. It appears, however, that the iron in these alloys as 
determined by the lattice structure is in the state of Gamma-iron even at the 
ordinary temperature. 

It is possible, therefore, that the manganese acts as a so-called catalyst and 
promotes the change from Alpha to Gamma-iron just as a small quantity of 

(5) The following are important papers on the Crystalline Structure of Iron and 
Alloys. 

A. Westgreen. Engineering, Vol III, p. 727, 1911. 

A. H. Hull.- Physical Review, Vol. 13, p. 692, 1917. and Vol. 17, p. 571, 1921. 

L. W. McKeehan. Journal of Franklin Institute, Vol. 197, p. 583, 1924. 
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iodine promotes the change of ordinary phosphorus. into the allotropic red 
phosphorus. ’ Moreover, manganese seems to retard or prevent the return of 
the iron trom the Gamma- to the Alpha-form, even when reduced to normal 
or lower temperatures. The two allotropic forms of iron. Alpha and Gamma, 
are quite as different in properties as the two forms of phosphorus, and that 
change is no doubt accompanied by a change in the number and grouping of 
the external shells of electrons. 

Some assistance in probing this matter is derived from a study of the remark¬ 
able alloy Permalloy. The composition of the nickel-iron alloy which has the 
highest magnetic permeability for small magnetic force is 78.5 per cent, of 
nickel and 21.5 per cent, of iron, and this corresponds very nearly to an atomic 
proportion of 4 atoms of nickel to i atom of iron. Sir William Bragg has 
kindly examined for me samples of Permalloy by X-ray analysis and has 
found that the lattice is a face-centred cube with length of side equal to 3.55 
Angstrom units (A.U.). 

The X-ray analysis shows that in nickel the crystal lattice is also a face 
centred cubic lattice in which 8 atoms of nickel stand at the cube comers 
and 6 in the centre of each face. In consequence of the fact that each corner 
atom is common to 8 cubes and each face atom to 2 cubes the whole crystal 
group is equivalent to 4 atoms of nickel. 

The iron atom in Permalloy is very little controlled by other iron atoms 
and is free to exhibit its full magnetic alignment under very feeble magnetic 
forces. 

High permeability implies that the magnetic element in the iron whether 
the atom itself or some part inside the atom, in accordance with Sir Alfred 
Ewing’s theory, is very free to align itself under feeble magnetic force, and but 
little constrained by the action of neighbouring atoms. Hence with the crystal 
structure suggested the material would probably have this property. 

The arrangement of atoms in two samples of magnetic Heusler alloy composed 
of Manganese, Copper and Aluminium has been examined by J. F. T. Young of 
Toronto, and he found in them by X-ray analysis a body centred cubic lattice 
structure and no trace of the lattices of the component metals which, taken by 
themselves, exhibit faced centred cubic lattices. 

This last seems to be the crystalline form of Gamma-Iron. 

The lattice form must, however, depend upon some atomic structure which 
tends to make the atoms arrange themselves in one form rather than the other. 
The change of lattice in passing from Alpha to Gamma-Iron and vice-versa is 
also accompanied by a change in the closeness of packing of the atoms and by 
the loss or regaining of ferromagnetic power. 

Sir William Bragg has told us that in the Alpha-Iron each iron atom has 
8 nearest neighbours, but in Gamma-Iron it has 12 nearest neighbours. 

There is, therefore, a pulling together of the iron atoms as we pass from the 
Alpha to the Gamma form. 



7o6 journal of THE ROYAL SOCIETY OF ARTS. 


June 19, 1995. 


This is well shown by the familiar experiment in which an iron wire is heated 
to about 900® C. by an electric current and then allowed to coo'. The steady 
contraction as cooling is interrupted—at about 800® C.—by a sudden small 
expansion and the iron at that moment regains its ferromagnetic property. 
I have arranged here a simple experiment in which an iron wire can be heated 
by an electric current sent through it and at the same time magnetised by an 
electric current circulating round it. The apparatus has a lever attachment 
which shows the expansion of the wire and there is also a suspended magnetic 
needle which shows by its deflection whether the iron wire is magnetic or not. 
If the wire is heated to a bright-red heat and then allowed to cool at a certain 
teniperature the lever shows by its motion that there is a momentary expansion 
of the wire. At the same instant the indicating magnetic needle shows that the 
p iron has passed back into the magnetic condition or into the a iron. 

Perhaps the following suggestions may not be found altogether at variance 
with the facts. 

When the iron is heated the increase in the vibrations of the atoms as a whole 
and of their constituent electrons causes a loss of electrons (perhaps of two), 
from the outer shell or electronic orbits. 

In this outer layer the electrons are continually being disturbed from their 
steady revolution in quantum paths. Therefore they create by their motion a 
magnetic field, and we can, perhaps, say that the magnetic moment of the iron 
atoms is due to the disturbed electronic revolutions in the outer layer. 

If, therefore, an external magnetic field acts on the iron it tends to set the 
plane of these magnetic orbits perpendicular to the direction of the field. 
This is resisted by the field of the atom and action of the neighbouring atoms. 
Accordingly, the ‘'Weber element" of the atom is, as Ewing proves, not the 
atom as a whole, but a portion of it, viz., the outer electron orbits. 

Any further loss of electrons from this layer or any combination of iron 
atoms into a molecule by depriving it of those electrons to which the magnetic 
moment is due or fixing the plane of their orbits so as to prevent co-lineation 
would, therefore, destroy or greatly reduce the atomic magnetic moment and 
remove the " Weber element," to which the applied external magnetising 
field gives co-lineation. 

Accordingly, at a certain temperature, when this electronic loss takes place, 
the iron atom passes into the Gamma condition. It then ceases to be ferro¬ 
magnetic and changes its crystal lattice form and the atoms are pulled closer 
together. We can, perhaps, explain the action of manganese in depriving 
Alpha-Iron of its ferromagnetic quality in the same way. Manganese occurs 
in the Periodic Table of the Elements in the same column as the Haloids F., 
CL, Br., and I. These elements are strongly electronegative, and desire to take 
up el^trons in their outer atomic shells. Therefore, manganese mixed in a 
suffic^t proportion with iron may deprive the Alpha-Iron atoms of electrons 
and reduce it to the condition of Gamma-Iron, which is retained even when the 
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metal is brought back to the atmospheric temperature. The explanation of 
the action of nickel is not so easy. The nickel steels appear to ixjssess very 
considerable thermo-magnetic hysteresis, that is, the magnetic changes of the 
material with temperature lag behind the thermal changes and hence, at 
nortnal temperature, we can have the material in one of two states in which it 
is magnetic or non-magnetic according to its previous treatment. 

The feeble ferromagnetism of the Heusler alloys may. perhaps, also be 
explained by the fact that the manganese takes up electrons from the copper 
and the aluminium atoms and to a small extent then simulates in itself the 
structure of the iron atom. 

The unsolved problems of ferromagnetism are, however, many and complex, 
and we cannot yet say that we understand even imperfectly the phenomena 
connected with Sturgeon's electromagnet. 

Let one word more be said in conclusion about Sturgeon himself. Unfor¬ 
tunately, after the failure of the Victoria Institute in Manchester, Sturgeon's 
later years were spent in great penury. Scientific research was not then a 
paying proposition, to use an American phrase. The late Professor Silvanus 
Thompson tells us in his admirable sketch of Sturgeon's life that Dr. Lee, 
Bishop of Manchester, and Dr. Binney, President of the Literary and Philo¬ 
sophical Society of Manchester, succeeded in obtaining for Sturgeon from Lord 
John Russell a grant from the Civil List of £200 to meet his greatest necessities 
and a pension of £50 per annum soon after. Sturgeon did not, however, benefit 
by it for long, as he died in 1850 at Prestwich, near Manchester, and was buried 
in Prestwich Churchyard, where a stone records his name and date of death. 

Mr. James Prescot Joule, who entertained a high opinion of Sturgeon's work, 
stated in a letter to Dr. Angus Smith that he had sifted to the utmost Sturgeon’s 
claims to be the inventor of the electromagnet, and had found them valid. 

Sturgeon was also the first to improve the voltaic cell by amalgamating the 
zinc plates, and so preventing that loss of zinc by local action which was 
previously the great drawback to the use of Volta's pile. 

He was also the first, according to Dr. Joule, to construct an electromagnetic 
motor in 1832, by means of which any considerable rotary power was obtained 
from an electric current, and he may thus be said to have been one, at least, 
of the pioneers who gave us the electric motor. 

Sturgeon's p)ersonal character, his high principles, blameless life, devotion 
to scientific truth and discovery, his genuine scientific achievements, as also 
his brave struggle against adverse fortune, brought him the respect and friend¬ 
ship of all good men. We can, therefore, include him confidently amongst 
those British scientific worthies who helped to lay firm and strong the founda¬ 
tions on which have been built up the great edifice of modem electrical 
engineering. 

Beyond any question, his name must be inscribed in the records of those whose 
labours have enabled us yet more to utilise the great eneigies of Nature for the 
use and benefit of mankind. 
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Mr. VV. M. Mordey said that on this occasion, as always, he had learned a great 
deal from Professor Fleming. He was very glad indeed that Professor Fleming 
had given prominence to the work of Sturgeon, who had never had proper recogni¬ 
tion of his work—he did not know why. Faraday, for some rcasfm or other, did 
not recognise Sturgeon’s work. Most of those present would have read that 
charming little Life of Faraday by Silvanus Thompson ; in that little book, which 
gave such a beautiful picture of that good, almost saintly man, Thompson spoke 
of one flaw—his unwillingness to recognise Sturgeon's work in electro-magnetism, 
which was quite incomprehensible. Faraday always attributed the invention 
of the electro-magnet to Moll, and to Henry, although both of those men, in their 
later work on the electro-magnet, frankly stated that their work was founded on 
the discovery made by Sturgeon. Yet, in .spite of that, and in spite of What was 
said by Joule. Faraday, our greatest discoverer, failed to appreciate Sturgeon’s 
work, and very few people knew of it. 

He was pleased to see the model which the lecturer had exhibited. It was 
exactly copied from the account given in Sturgeon’s papers. As the Royal 
Society of Arts had not got a copy of Sturgeon’s Ri searches, he had brought his 
own copy for exhibition that evening. It was an enormous work entitled The 
Researches, Experimental and Theoretical, on Electricity, Magnetism, etc., and was 
published by subscription in 1850, about a year after Sturgeon’s death. It was 
illustrated with a number of beautiful copperplate engravings, one of w^hich was of 
the electro-magnet shown by the lecturer. 'Phere were also many illustrations 
of discoveries that he made in what were called Arago rotations at that time, but 
all those, he thought, were more or less improvements in detail on the work of 
other people on this subject. With regard to what the lecturer had said about 
Henry’s original telegraph between his house and his garden, there was an entry 
in the Researches which showed very distinctly the element of telegraphy. The 
polarised needle was described, and an arrangement intended to show how the 
needle could be deflected and so on by reversing the current. It showed quite 
clearly that Sturgeon had sound ideas on the subject of this application. That 
was demonstrated in the electro-magnet, where he used a very thick wire with 
very few turns, and placed his battery close underneath so that he got the greatest 
possible effect. He realised the best conditions just as well as if he had known 
a great deal about Ohm’s law. 

The speaker was also very glad to hear the remarks of Professor Fleming on 
the subject of permalloy. This was one of the most extraordinary inventions 
ever made in electro-magnetism. He did not think that if the problem had been 
put to any scientific people in the world it could have been foretold that an alloy 
could be made with the properties possessed by this wonderful material. They 
would .have scoffed at the, idea. This alloy had been discovered as the result 
of a research for something that was very badly wanted. Its value to the world 
was probably to be reckoned in millions of pounds. 



June 19, t9S5. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 709 


Dk. J. F. Crowlky said that the address made one wish that centenaries of 
great events and great men were celebrated more frequently. I'he decade to 
which this centenary carried them back was of peculiar interest both to physicists 
and electrical engineers. To physicists it recalled the establishment of a close 
connexion between the two sciences. Prior to 1820 an association between 
magnetism and electricity was suspected, but it had not to any extent been 
demonstrated, but, during the years from 1820 to the epoch-making discovery 
of b'araday in 1831, that association had been made definitely clear, and the period 
was one of extraordinary interest to tlie physicist. Since that time the association 
between chemistry and electricity had also been demonstrated. The period in 
question was of peculiar interest to the electrical engineer also, because, if electrical 
engineering could be traced to any clear origin, it could certainly be traced to the 
electro-magnet of Sturgeon, and to the production of electricity by the movement 
of coils of wire in the neighbourhood of a magnet by Faraday in 1831. He 
thought he might say in passing that the fact that the one hundred years which 
had elapsed had shown such extraordinary progress in electrical engineering, 
not only in the magnitude of the works carried out, but also in the reduction of 
waste of energy in the machinery employed, was largely due to the scientific 
character of the work on electricity and magnetism from the very beginning, and 
the necessity for a scientific training for the undertaking of that work. It was 
certainly a notable achievement that to-day we should have great electrical machines 
with an efficiency of q6 or 98 per cent., and possibly even more remarkable was the 
production of electrical motors of under r h.p. with an efficiency of 88 per cent. 

I'here had been what might prove to be a very valuable contribution to the 
production of suitable irons and suitable steels for magnetic purposes, principally 
during and since the war, namely, the production on a large commercial scale 
of electrolytic iron—iron which was 99.8 per cent, pure—sometimes even 
higher. Tlie electrolytic deposition of iron in a very thin form had been known 
for very many years, but the production of a suitable iron for commercial 
purposes was a very recent development. That iron, suitably treated, was widely 
used in mechanical industry, and it might prove of very considerable assistance 
in the production of suitable alloys for electrical machinery and other purposes. 
He felt deeply indebted to the lecturer, and it was also good to feel that the work 
of Sturgeon had been recognised, at any rate, by that Society. 

ColonKL K. E. 13 . Crompton, C.H., said that, like previous speakers, he came 
to learn, and he had succeeded in knowing what a great deal he had still to learn. 
He was one of those people who were more indebted to Professor Fleming than 
most. At a very early stage, when they were all in the dark on this question, 
the lecturer came forward and gave them aid which the speaker never could forget. 
That evening the speaker had come for the sheer pleasure of hearing Professor 
Fleming, and he had not been disappointed. As an old man he felt an ever 
growing sense of wonder at the marvellous world he lived in, and the many 
interesting problems ahead. After forty or fifty years of work on electricity he 
felt that they had only reached the threshold of a realm of which those who followed 
could now travel. Within the last few years he had had a good deal to do with 
the extraordinary development of the cobalt alloys which had enabled the 
commercial magneto machine to be made of such small dimensions and weight and 
with such satisfactory results. The Institution of Mechanical Engineers twb or 
three years ago called upon him to make experiments on cobalt alloys with the 
object of showing that this extraordinary metal behaved at high temperature in 
a way different from any alloy that had been investigated. He then found that 
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ciertain iron alloys with cobalt gave permanent magnets of extremely small weighty 
and he stumbM on this sample by reason of the enormous difficulty which it 
produced in his laboratory in dealing with everything that came near the lathe 
by means of which the experiments were carried on; everything became 
magnetised. This,- he believed, was well known to the lecturer, but there was 
no doubt that as a commercial idea the cobalt iron alloy was the permanent magnet 
that was likely to be used in the next few years. He had to thank Professor 
Fleming for a most interesting evening. 

I 

Commander Rollo Appleyard desired to add his tribute to that which had been 
given by Colonel Crompton. Dr. Fleming not only taught, he inspired. He 
slwwed engineers what their difficulties were and how he disposed of them, and 
by experiment he led them on as he had done that evening. In some ways it was 
encouraging for the younger men to realise how many of these problems were 
unsolved. There was just one other point: Sturgeon’s work was entirelf^ 
experimental, and his experiments were carried out with the simplest apparatus. 
To-day we had elaborate testing apparatus and more precise knowledge. The 
difficulties were greater, but the equipment was better suited to the tasV The 
name of Sturgeon would be associated with a great victory with S' ipons. 

He thanked the Society for the opportunity it had afforded thos jsted in 
Sturgeon’s work to do honour to his memory, and he thanked his oiO friend and 
teacher Dr. Fleming for his delightful discourse. 

The Chairman (Mr. Campbell Swinton) said that there was no doubt that Dr. 
Fleming was the most finished experimental lecturer living, probably in the world, 
certainly by a long way in this country. The curious thing was that his experi¬ 
ments always succeeded. He (the Chairman), had attended a great many 
lectures of Dr. Fleming, some of them with an enormous number of experi¬ 
ments—hundreds of experiments—and not one of the experiments failed. He 
did not know how it was done, but it was a most remarkable fact. Dr. Fleming 
also was never at a loss for a word. Everybody had sincerely enjoyed what he 
had shown that evening. Beginning with such a simple matter as Sturgeon’s 
original magnet, he had told them a great deal about recent important researches 
—very important ones from the financial point of view—for cables and things of 
that kind. It has been a delightful historical lecture, finishing up with a great 
deal of information about the very latest investigations on this subject. He 
asked those present to accord Dr. Fleming a very hearty vote of thanks. 

The metion was carried unanimously. 

Dr. Fleming expressed his great appreciation of the compliment. It was 
abundantly clear from the remarks of the Chairman and others who had spoken 
that Sturgeon well deserved recognition and remembrance, even after one hundred 
years. He thought it would be useful if a Sturgeon lecture were delivered once 
a year in the Society’s hall at about that date, in which some authority on electro¬ 
magnetism would describe the latest results. He was sure there would be abundant 
material in the book Mr. Mordey had exhibited for the historical background of 
such a course of lectures. 

, The Chairman said that he would see that this valuable suggestion was brought 
to the notice of the Council. 
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OBITUARY. 


Lieut.-Gen. H.H. The Maharaja of Gwalior. —Lieut.-Gen. H.H. Maharaja 
Sir Maho Rao Scindia, G.C.S.I., G.C.V.O., G.B.E., A.D.C., the much-respected 
ruler of the Indian State of Gwalior, died in Paris on June 12. He was born in 
1876, succeeding to the gadi in 1886 on the death of his father, Maharaja Jaiaji 
1^0 Scindia, a staunch friend of the British raj in the Mutiny. In his devotion to 
the Paramount Power Sir Maho Rao followed the example of his predecessor, 
and it has been said that no contemporary feudatory chief had a warmer place 
in the personal regard and affection of the King, Emperor of India. On the birth 
of a son and heir to tne Maharaja, His Majesty, in assenting to the request that 
the boy might be named after him, cabled: “ I rejoice that a successor to your 
ever loyal line is tlius secured, and I trust that the son will follow in the footsteps of 
his father.** His Highness’s only other child, a girl, bears the name of Queen Mary. 
Amongst the earlier benefits the Maharaja bestowed upon his people were a State 
Trust and Bank, a Council of State, a Legislative Assembly and an Advisor\' 
National Assembly. On the military side he was equally energetic and sagacious, 
modernising ♦ Gwalior forces and developing the Imperial Service troops, with 
the result tha first in the relief of Chitral and next in connexion with the Tirah 
expedition he'WjiS in a position to aid with his well-known Transport Corps. At 
his own urgent wish he was employed in the Allied operations in China, being a 
member of the staff of the Commander of the British Contingent, Sir Alfred Gaselee. 
For the use of the sick and wounded in that campaign he provided a hospital ship 
with staff and full equipment. Although the state of his health prevented him 
from personally serving on the Western Front in the Great War, a portion of his 
Imperial Seryce Infantry distinguished itself in East Africa, Palestine and 
Mesopotamia, while several squadrons of Gwalior Lancers assisted in India and 
on the North-West Frontier, his Highness’s Transport Corps also doing efficient 
duty in East Africa, Egypt and Mesopotamia as well as on the Western Front. 
He also helped the common cause by granting to the Imperial Government a large 
loan without interest, formed at Nairobi a convalescent home for our officers serving 
in East Africa, and purchased one of the Canadian Pacific liners for conversion 
into a hospital ship. The honours bestowed upon him after the war included the 
valued increase of his salute to the maximum of 21 guns. 

Tlie Maharaja was a Fellow of the Royal Society of Arts, having been elected 
in 1915. 


GENERAL NOTE. 


Royal Institute of British Architects. —In the Supplemental Charter 
recently granted to the R.I.B.A., provision is made for the formation of a non¬ 
corporate class of subscribers. The Council have the power to elect to this new 
class any persons who, not being professional architects, are interested in the 
activities of the Royal Institute and in architectural matters generally. “Sub¬ 
scribers ** will be entitled to use the Loan and Reference Library, to attend all 
General Meetings (except private business meetings) and to receive a copy of the 
Annual Report. The annual contribution payable by a “Subscriber** will be 
£1 IS. 
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The New" Model A.J.S. Receiver. 


The New Model A.J.S. 
Receiver is extremely 
**fle»ble” and will 
function satisfactorily 
on any wave lengths 
from 130 metres to 
20,000 metres. The in¬ 
strument as shown oper¬ 
ates up to 350 metres, 
beyond that long wave 
coils are necessary. 

Constant Aerial Tuning 
forms a salient feature 
of the New Model, and 

PANELS ONLY. 
Two-Valve Panel 
Three-Valve Panel 
Four-Valve Panel 


PRICES: 


its power of assimilating 
weak signals enables it 
to be used on Frame 
Aerials and on small 
Indoor Aerials. 

While embodying all the 
latest phases in Wireless 
reception, the A.J.S.new 
Model, like its proto¬ 
type, is Supremely Easy 
and Easily Supreme, and 
in every respect main¬ 
tains the A.J.S. tradition 
of “ Quality First.** 


COMPLETE SETS. 

£12 0 0 Two-Valve Set.£17 4 0 

£15 17 6 Three-Valve Set £21 16 0 

£20 5 6 Four-Valve Set £26 13 0 


The Unitop Cabinet Receiver The Loud Speaker 


Constructed to contain an A.J.S. Four-Valve Re- r\ • j l j l a • 

ceiver. this Cabinet combines the maximum Designed to cmSody the most effective combina- 

of wireless efficiency with the minimum of space. tion of coniponents, each perfect in itself, this 

Produced in Mahogany or in Light or Dark Oak. instrument justly claims t^ ^ the last word in 
as preferred, it is of distinctly handsome appear- Speaker design. 

The accurate pro- 
forms a com- portions of 
pact and attrac- non-resonant horn 

it those cor- 
when pro- 

upon any en- 

true 

sufficiently of 

portable to be the sound waves, 

carried on the while its extreme 

a car or en- 

host, to any out- ables the utmost Mw 

door function volume of sound to MW 

where it may be produced, with 

be required for a completeabsence ■ 

music or dancing. of distortion.. X 

The materials Its robust con- 

workman- struction, artistic 

ship employed in the production of these Cabinets finish, simplicity 

A*I?l of adjustment, trueness of reproduction and 

A.J.S. tradition of Quality Fir.t. p„,ity render. it equally auiible for 

PRICE, in Mahogany or Light or Dark Oak, with '*•*. *P * Public Hall or in the home of the most 
all accessories ready for use fastidious. PRICE 

Pries > £30 IS 0 With Metal horn and electro-plated fittings £4 15 0 

w-,1 . -oa SA A Mahogany or Oak horn and electro- 

Without accessories, £2410 0 pUted fitting..£5 10 0 

A« J. STEYENS ® CO, (1914) Ltd., Wireless Branch, Wolverhampton. 

Tabphoo e; 2530 (3 Unas) WirelaM CaU Sign : 5 R.I. Taltframs: - Raeaption, WolvarhamptoB.’’ 
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NOTICES. 


ANNUAL GENERAL MEETING. 

Wednesday, June 24TH, 1925, Sir Charles Stuart Bayley, G.C.I.E., 
K.C.S.I., in the Chair. The One-hundred-and-Seventy-First Annual General 
Meeting of the Society was held for the purpose of receiving the Council's 
Report, and the Financial Statement for 1924, and also for the Election of 
Officers and new Fellows. 

A full report of the Meeting will be published in the next issue of the Journal. 


COUNCIL. 

A meeting of the Council was held on Monday, June 15th. Present:— 
Mr. Alan A. Campbell Swinton, F.R.S., in the Chair; Sir Charles H. Armstrong ; 
Sir Frank Baines, C.V.O., C.B.E.; Viscount Bearsted, LL.D.; Captain Sir 
Acton Blake, K.C.M.G., K.C.V.O.; Sir William Henry Davison, K.B.E., 
D.L., M.P.; Sir Archibald Denny, Bt., LL.D.; Sir Robert Hadheld, Bt., 
D.Sc., D.Met., F.R.S.; Rear-Admiral James de Courcy Hamilton, M.V.O.; 
Sir Thomas Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S.; Major Sir Humphrey 
Leggett, D.S.O., R.E.; Sir Philip Magnus, Bt.; Sir Charles C. McLeod, Bt.; 
Mr. Carmichael Thomas; and Sir Frank Warner, K.B.E., with Mr. G. K. 
Menzies, M.A. (Secretary of the Society) and Mr. S. Digby, C.I.E. (Secretary 
of the Indian and Dominions and Colonies Sections). 

A letter from the President was read, signifying His Royal Highness's ap¬ 
proval of the award of the Society's Albert Medal for the current year to Lieut.- 
Colonel Sir David Prain, C.M.G., C.I.E., M.B., LL.D., F.R.S., and the terms 
of the award were settled. 

The balloting list for the new Council was completed. 

The draft report of the Council for the year 1924-25 was considered, amended 
and approved for submission at the Annual General Meeting. 
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A report from the Thomas Gray Memorial Trust Committee was considered. 
A proposal to institute an annual William Sturgeon Lecture was considered. 
Other formal business was transacted. 


DOMINIONS AND COLONIES SECTION. 

Thursday, June i8th, 1925. Rt. Hon. J. H. Thomas, M.P., late Secretary 
of State for the Colonies, in the Chair. 

A paper on " Some African Problems was read by the Hon. W. Ormsby- 
Gore, M.P., Under Secretary of State for the Colonies. 

The paper and discussion will be published in a subsequent number of the 
Journal. 


PROCEEDINGS OF THE SOCIETY. 

INDIAN SECTION. 

Friday, May 22ND, 1925. 

Sir Thomas Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S., in the Chair. 

The Chairman, in introducing Sir Alfred Chatterton, said that the Society 
was to be congratulated on the opportunity of tapping the accumulated mental 
resources of the one man—^the only man—who was able to furnish a picture in true 
perspective of the industrial progress of the Mysore State. Sir Alfr^ went out to 
India 37 years ago, after a very distinguished record at the City and Guilds 
Engineering College. He commenced his activities in Madras, and after some 
years in the service as a professor of engineering he recognised the necessity of 
taking up the wider industrial problems that obviously offered an opportunity for 
profitable solution in the southern part of India. In various ways his energy 
found an outlet in picking up and developing one industry after another, not exactly 
in the face of opposition, which might have been a stimulant, but in the face of 
inertia on the part of those whose lives he attempted by his activities to benefit, 
and also in the face of an equal amount of indifference on the part of the orthodox 
officials who should have supported his efforts. By 1908 the meaning of this 
work began to impress the Local Government. The Madras Government by 
that time had established a Department of Industries and placed Sir Alfred 
Chatterton in control. The Department was designed to give effect to a desire for 
the development of obviously primitive industries. It was a good beginning, but 
it came late. After another four years Sir Alfred Chatterton reached a stage in 
his official career when it was possible for him to retire and transfer his energies to 
the Mysore State. His problem thete was narrower geographically, but his 
opportunities were greater in other respects, as he was given a fxee hand to develop 
and organise a State policy. In another four years the Government of India 
appointed an Industrial Commission, of which Sir Alfred Chatterton, to the great 
advantage of all concerned, became a member. With an experience such as his, 
based on sound tedmical training and inspired by missionary enthusiasm, his 
presence on the Commission made up for the shortcomings of a good .many 
witnesses. Whatever merits were now recognisable in the official report of the 
Industrial Commission were largely due to the advantages which it derived from 



June S6, 19i5. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 714 


Sir Alfred's ripe experience in the difficult problem of evolving order out of the 
enormous mass of facts and suggestions which were brought to its notice. He had 
continued his direct touch with the Mysore State since 1912, and he came, 
therefore, to the Society with a mind still well acquainted with the conditions 
there, and he was able to give a thumb-nail sketch of the industrial state of Mysore 
in a way that would not be possible for any other official with whom the speaker 
was acquainted. Sir Alfred Chatterton was now able also to bring to bear on the 
Mysore problems observations made in every other Province in India. 

The paper read was :— 

THE INDUSTRIAL PROGRESS OF THE MYSORE STATE. 

By Sir Alfred Chatterton, C.I.E., B.Sc., M.I.M.E., 
Assoc.M.Inst.C.E. 

The unrest in India, as elsewhere, is partly, and perhaps largely, due to the 
inability of certain classes of the people to adapt themselves to changes which 
have taken place in their economic environment. Incomes have not increased 
proportionately to the depreciation in the value of the currency and many, 
through no fault of their own, are sufiering from inadequate means to maintain 
the standard of living they formerly enjoyed. This causes discontent and, 
unable to appreciate the inexorable working of economic laws, they fall an 
easy prey to political agitators. Everywhere, the problems presented are 
difficult of solution; but nowhere are they more complicated and baffling 
than in our Indian Empire where, to the world-wide disturbances caused by 
the war, are added those due to the partial transfer of the executive functions 
to an inexperienced democracy. But this is not all; there are yet other 
problems arising from the absence of suitable employment for the growing 
stream of graduates produced by the educational system which turns out men 
ill-fitted for the labour market, into which they must be absorbed. The ranks 
of the extreme political party are largely recruited from the unemployed and 
from those who are unable to find work of the character to which, they consider, 
they have a reasonable right to aspire, in virtue of their education and 
attainments. 

The market value of a university degree has steadily depreciated during the 
last thirty years, notwithstanding the efforts that have been made to promote 
industrial development and expand the field for the utilisation of the services 
of the educated classes. It was the late Mr. Justice Ranade, of the Bombay 
High Court, who first drew attention to the necessity for creating in India 
opportunities for more varied careers than are offered by the administration and 
the legal and teaching professions. A great diversity of occupations is essential 
to the wellbeing of a civilised community and a mudi higher standard of living 
than that which prevails in India is necessary to provide the demand for 
services requiring the exercise of trained intellectual faculties. The develop¬ 
ment of the natural wealth of the country is the only way in which the material 
condition of the masses can be improved. 
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The Government of India had always recognised its obligations in this respect; 
but its policy was dominated by the lassez faire ideas of the Manchester school 
of economics, and its efforts were on restricted lines which, whilst productive 
of immense results, failed almost entirely to create new conditions under which 
the people of India might raise themselves to a higher stage of material 
prosperity. It is true that there has been a great increase in the wealth of the 
country; but it is concentrated in a comparatively few hands, so that in the 
great capital cities of India may be seen the extremes of wealth and poverty. 
This state of things is by no means peculiar to India, but it is probable that 
the concentration is relatively more intense than elsewhere. The railways 
opened up the country and facilitated the transport of raw produce, the 
irrigation works increased the yield of the soil and mitigated the ravage of 
famine ; but the result has been no great improvement in the condition of the 
people ; merely their number has increased with almost alarming rapidity and 
the pressure on the soil is as great to-day as ever. The irrigated areas are 
flourishing when measured by the old standards ; but the methods of cultivation 
are little changed and it is doubtful if the yield of the land has increased per head 
of the population. In the old days, each village was almost a self-contained 
unit, importing but little from outside and relying for its simple needs upon its 
own artisans—potters, weavers, carpenters, smiths, chuckicrs and so on. The 
improvement of transport has changefd this. The ryot now grows crops for a 
wide market and he grows what, in his opinion, is best suited to his soil and not 
what he and his fellow villagers require in their homes. Trade has taken the 
place of village barter and the artisans tend to congregate in localities where 
conditions arc favourable to their business. 

Out of the chaotic conditions resulting from the disintegration of the Mughal 
Empire, law and order was re-established and private enterprise was afforded 
free scope. Spasmodically, Government directly intervened and rendered 
assistance. Chiefly its efforts were directed to introduce new crops and resulted 
in the establishment of the planting industries. Twenty years ago, it was 
realised that agriculture required scientific study, and departments were formed 
under the Government of India, the Provincial Administrations and the larger 
Native States to bring to the cultivators' assistance the resources which modem 
scientific discovery have placed at our disposal. A long period of experiment 
and enquiry was the necessary preliminary to practical results. Much valuable 
work has been done and many problems have been solved ; but the area is so 
vast and the workers are still so few that it may yet be said that, so far, what 
has been accomplished is little more than an indication of what remains to be 
done. The difficulty is not so much to bring the results achieved in the 
experimental and demonstration farms home to the ryots and to convince them 
that a change in their procedure will be of benefit to them, as to devise ways 
means by which, with their extremely limited capital and their small and 
scattered holdings, such improvements as are recommended can be adopted. 
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To supply the needs of the railways and the army, workshops and factories 
were started with modem plant and equipment and it is only recently that the 
history of the Ordnance Department has been told in this room. The Survey 
of India and the Geological Survey of India have also well and truly laid the 
foundation on which the future economic progress of the country must be 
based. In the Education Department somewhat futile efforts have been 
made to provide courses of instruction and technical training; we may exempt 
from this stricture the Civil Engineering Colleges, which have done very good 
work, and the men who have passed through them now fill some of the highest 
administrative posts in the Public Works Department and their work, 
especially in 'ULysore, will bear comparison with that of their European 
contemporaries. 

At the outset, the vast field thrown open to private enterprise in Industry 
only attracted the attention of European pioneers save in Bombay, where, in 
the course of seventy years, a great cotton mill industry has been built up by 
Indians and this has been followed by developments such as the hydro-electric 
installations in the Western Ghats and the steel works associated with 
the Tata firm, which have clearly demonstrated what can be done by capital 
and well-directed business efforts to place India on a footing of industrial 
equality with the more advanced manufacturing nations of Western Europe 
and America. The progress has been good but nothing like fast enough to 
absorb the energies of the ever-increasing stream flowing from the educational 
institutions which have been set up. 

The position to-day is unbalanced and equilibrium can only be restored by 
accelerating the industrial re-organisation. This is generally recognised. In 
1916, Government appointed an Industrial Commission to review the situation 
and suggest the measures required to meet the demand for employment and 
to render the country less dangerously dependent on foreign sources of supply 
for the essential requisites for its continued existence as a civilised state. The 
report of that Commission was brought before this Society in a paper by 
Mr. D. T. Chadwick. Its recommendations have, to some extent, been nulli¬ 
fied by the changes introduced into the administration of the coimtry by the 
Montague-Chelmsford Reform Scheme. The development of industries has 
been made a transferred subject entirely imder the control of the Provincial 
Ministers and the suggested central organisation imder the Government of India 
has in consequence been abandoned. Private enterprise, however, has been 
slightly assisted for some years past by the gradual increases in the tariff on 
imported goods and more recently the question of protection has been examinbd 
by a Tariff Conunittee, the reconunendations of which have been accepted by the 
Legislature. India has definitely embarked upon a protective policy for exis¬ 
ting industries which need temporary protection and for new industries which 
may come to maturity if afforded such assistance at the outset. A Tariff Board 
has been appointed to advise the Government of India/every application for 
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protection being subjected to public investigation. Whether the result will 
be ronunensurate with the expectations, remains to be seen; but it may be 
admitted that the procedure adopted in e xamin ing applications is likely to 
reduce to a minimiun the disadvantages which are thrust upon the consumers 
when prices are raised, as raised they must be, at any rate for a time, by the 
operation of protective duties. The problem is complicated by the instability 
of the rupee, the exchange value of which is now probably below the rate 
which should be permanently fixed in the best interests of the country. Food 
prices are much too high, and, as they are controlled by world prices, only a 
high value of the rupee will bring them down to a reasonable level. 

Many of the Indian States have been keen to develop their resources and 
have not been hampered by rigid adhesion to any economic theories. That, 
with notable exceptions, they have progressed at a slower rate than in British 
In^ia is due to their comparative isolation, to a more primitive system of 
adminMnition, to a soil, in some instances, less fertile and, in other cases, 
devoid of minerals of commercial value. TwO'fifths of the country belongs to 
them; but they only support one-fi||h of the population and, though some are 
on the seaboard, none possess harbours of any great value or terminal sea¬ 
ports. The smaller States, especially, have teen cramped by their limited 
resources, their lack of transport facilities and their inability to carry out a 
well-considered development policy till definite results are attained. 

These preliminary observations are necessary to form a rough idea of the 
industrial conditioiu which prevail in our Indian Empire to-day. A great deal 
has teen done; but the great mass of the people have been only indirectly 
affected by the industrial movements which are occurring in their midst. 
The enormous expansion of the external trade has brought the products of the 
world into every village and has excited new aspirations which inadequate 
means render it impossible to gratify. The middle classes are those most 
affected and are those who are most conscious of their straightened means. 
More by accident than design, the Madras Government were pioneers in what 
may te termed direct action on the part of the State to improve existing 
indigenous industries and to introduce new ideas, and the measure of success 
which attended the working of their plans has encouraged nearly all the other 
local administrations to follow their lead. There is now a Government Depart¬ 
ment of Industries in every Proviqce except Bombay, and in a number of the 
more important Native States. Unfortunately, the importance of the personnel 
of these Departments is not yet fully recognised, especially in the direction of 
technical knowledge and practical experience with industrial operations, and in 
this respect the recommendations of the Industrial Conunission have not been 
carried out. Notwithstanding the financial stringency, comparatively literal 
funds have been allotted and it is possible that more would be made available 
if there was more confidence that results would te forthcoming. The educated 
people-of India recognise and deplore their industrial backwardness, and they 
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are not unwilling to see money spent to bring about improvements ; but they 
have a shrewd idea, at the present time, that in dealing with the problems to 
handle which falls within the province of the Departments, there is a lack of 
leadership and driving power, which can only be supplied by men intimately 
acquainted with the coimtry and possessing experience in applying modem 
methods of operating to the conditions which exist in India. 

These general remarks apply to Mysore equally with the rest of India; 
but they hardly emphasise sufficiently the prominent part which the Govern¬ 
ment of the State must play in any movement which requires capital and 
complex organisation for its development. There are neither great landowners 
nor great merchants within its borders ; neither is there any tradition in favour 
of co-operative working which would induce that concentration of energy which 
is essential for the opening up of natural resources very difficult of access. 
Into the service of the State the 61 ite of the South of India have, in the past, 
been attracted and though, in recent years, there has arisen a cr3f of ''Mysore 
for the Mysorean," it is unlikely that it will appreciably affect the State policy 
which, it is fully recognised, requires for its administration experience acquired 
in a wider field. 

We may now turn to the consideration of the subject of this paper, "The 
Indiistrial Progress of the Mysore State," as illustrating the methods by which 
an Indian administration has endeavoured to solve the problems presented in 
this preliminary statement. 

The State of Mysore stretches from the* Western Ghats across the triangular 
termination of the great table-land of Southern India. It lies between the 
parallels of 11-38' and 15-2' north latitude and covers an area of 29,305 square 
miles. On the north it is drained by the Tungabhadra and its affluents, on the 
east by the Pennair and Palar rivers and on the south by the Cauvery. The 
watershed ridge strikes roughly north-west and has an elevation of 3,000 feet, 
the coimtry sloping, with many undulations, broken by ranges of rocky hills, 
towards the great river beds. The State is divided by a line running north and 
south into two tracts. On the west lies the Malnad or hill country, characterised 
in the main by a heavy rainfall and a dense tropical vegetation. It is a wild 
and extremely beautiful country, with a fertile soil but sparsely populated. 
The incessant monsoon rainfall renders the country unattractive to people 
accustomed to a dryer climate and there has been but little development except 
by planters, both European and Indian, who have found its soil and climate 
suited to the cultivation of coffee. The industry is a very precarious one, the 
volume of the crops depending almost entirely upon timely rain in the flowering 
season, wliilst the value is subject to very serious fluctuations. The area 
occupied by the estates is about 110,000 acres. 

The eastern and by far the larger tract is known as the Maidan or open 
country, where the rsunfall is much less and more precarious. The surface is 
highly diversified bv irregular ranges of hills and by occasional lofty isolated 
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masses of rock. The characteristic feature of the country is the vast number of 
tanks or reservoirs which have been formed by throwing earthen bunds across 
the drainage courses, behind which the rainfall is stored for the irrigation of the 
crops. In every river valley, there is a chain of such tanks, each surplussing 
into the next one lower down and occasionally, after cyclonic rain, serious 
floods are caused by the bursting of the bunds of a whole chain of tanks. These 
tanks number over 30,000 and vary in size from ponds irrigating a few acres to 
lai^ lakes, which, when full, cover an area of many square miles. Most of these 
tanks are very ancient works, but, since the establishment of the Public Works 
pepartment, some very large reservoirs have been formed by the construction 
of masonry dams, notably that at Marikanve, which forms a lake over 30 square 
miles in area, and at Kannambadi on the Cauvery river, where the dam will be, 
when fully completed, 124 feet high and will rank among the great masonry 
structures of the world. The rainfall decreases from west to east, and over the 
whole State averages 30 inches. In the Malnad, on the edge and slopes of the 
Western Ghats, it is extremely heavy, ranging from 200 to 300 inches per annum; 
over the rest of this region, it is much less, varying greatly with the configuration 
of the land; probably 60 inches may be taken as a fair average. In the Maidan 
area, it falls in the east to less than 20 inches per annum. 

Geologically Mysore is one of the oldest land surfaces of the globe, and its 
superficial configuration is entirely the result of sub>aerial denudation. The 
soil and sub-soil are due to the disintegration of the Archaen and Plutonic 
rocks in situ and only to a limited extent in the valleys is the surface soil formed 
by fluvial deposits. The mineral wealth is considerable and the Kolar Gold 
Field is well known. Its phenomenal success has stimulated prospecting 
throughout the State and has furnished the Durbar with means to establish a 
regular Geological Survey, which has steadily worked out the geology of the 
State during the last thirty years. Gold has been found in many places, but 
nowhere outside the Kolar area in paying quantities. Manganese, chrome ore 
and iron ores are all worked on a conunercial scale and, in a smaller way, 
magnesite, asbestos, corundum and mica are the basis of successful commercial 
undertakings. The total exports of manganese ores are 603,874 tons, of chro¬ 
mite 168,339 tons and of magnesite 14,000 tons. The geological structure of 
the plateau precludes the hope of ever finding coal deposits; but that handi¬ 
cap to industrial enterprise has, in part, been overcome by the utilisation of 
some of the available water-power. . 

Of the total area of the State, a little more than one-third is under cultivation, 
of which nearly 900,000 acres are under irrigation, the figures for 1921-22 being 
as follows: 

Government canals .. 117,250 acres. 

Private canals. 2»789 „ 

Tanks . .. 519-654 

Wells .. . 69,949 

Other sources.187,558 ,, 

Total.896,200 acres. 
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Of the irrigated crops, rice (700,000 acres) is the most important, followed 
by sugarcane (40,000 acres), mulberry (35,000 acres), and miscellaneous garden 
produce to make up the balance. The dry cultivation is chiefly devoted to 
food grains (5,500,000 acres) ol which ragi is the most important. Oil seeds 
including castor, gingelly and groundnut, occupy 300,000 acres, cocoanuts 
125,000 acres, coffee 110,000 acres, cotton 120,000 acres and tobacco 20,000 
acres. Only round figures can be given, as the statistical returns are not very 
accurate and the areas under cultivation fluctuate greatly from year to year, 
depending upon the character of the season. Failures of crops due to insuffi¬ 
cient rainfall are frequent in the eastern part of the State and, from time to 
time, severe famines occur. Since the great famine of 1876-78, owing to rail¬ 
ways and a bettbr system of famine administration, periods of scarcity have 
not entailed loss of life on a wholesale scale. To-day they merely present an 
unemployment problem of a serious character. 

The reserved forests of Mysore extend over nearly 2,500,000 acres and arc 
chiefly situated in the Malnad area. On the Ghats and below them is a belt of 
evergreen forest gradually merging eastwards into deciduous forests. Bamboo^ 
cover large areas and are one of the most valuable of the forest products. In 
the Maidan, the forest areas are of less importance and the trees are of somewhat 
stunted growth ; but in the Bangalore and Kolar districts there are extensive 
plantations of Casuarina, chiefly grown for fuel. The annual increment is 
large and the plantations are a very good investment to their owners as the 
wood realises Rs. 13 to Rs. 14 a ton in Bangalore at the present time. The 
State possesses a fully equipped Forest Service modelled on those of British 
India, and derives a considerable net revenue from the forestry work. To a 
large extent, this is due to the Sandal Tree, the possession of which is a State 
monopoly. By distillation, the heart-wood and roots yield a valuable oil. Of 
late years there has been much greater activity in extracting timber, for which 
saw mills have been set up. Nearly 100,000 tons a year are now being con¬ 
verted into charcoal in by-products-recovery kilns at the Bhadravati Iron 
Works, to which reference will be made later. The gold mines at Kolar require 
over half-a-million cubic feet of timber for props, the bulk of which is still 
imported into the State, chiefly from the forests on the West Coast. A good 
supply of fuel is of great importance in Mysore since coal can only be obtained 
from Bengal or the Hyderabad State; eyen so it is scanty and dear, due to the 
lack of adequate means of transporting it from the forests. The fuel problem can 
only be solved by the encouragement of extensive plantations along or near 
the railways and one would imagine that the high prices which have prevailed 
for the last seven years would be a sufficient stimulus^ but there is still a lack 
of initiative and capital. It may be taken that from 10 to 14 years are required 
to bring a Casuarina fuel plantation to maturity, and there are not many who 
can afford and are willing to wait so long a time for a return on their capital, 
even though that return be an exceedingly good one. 
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The history of M3rsore becomes iifitnrtant when Hyder All usiirpbd the 
authority of the Hindu Raja and commenced his career of conquest, which, 
at one time, seriously threatened the comparatively weak establishments of 
the East India Company on the Coromandel Coast. His son Tippu proved 
evmi a greater menace, and the wanton distufber of the peace of Southern 
India ended his career at the siege and capture of Seringapatam in 1799. 
Mysore was handed back to the recognised heir of the old ruling family and its 
bcmndaries, as they now exist, were then fixed, with minor adjustments in 
1803. The new Chief was but a child of five and till 1811 the State was gover¬ 
ned by one Pumai3ra, who was both Dewran and Regent. In that year, being 
z6 years of age, the young Maharaja took the Government into his own hands, 
which proved anything but capable, and, twenty years later, it was necessary 
to depose him and place the administration of the State under a British Com¬ 
mission, the Maharaja remaining in his capital for the most part on friendly 
terms with the single Commissioner, Sir Mark Cubbon, who.fipm 1834 to l86x 
administered the State with singular tact and ability. In 1867, it was agreed 
to restore the State to the old ruling family; as the adopted heir was 
only five years old, the British Administration was continued till 1881, when 
by an Act of Rendition the young Maharaja was placed on the throne of his 
ancestors and endowed with full powers. Under a succession of able Dewans 
as chief executive officers of the Maharaja, the traditions of the British adminis¬ 
tration have been maintained and the progressive policy of the Commission 
continued, with the result that all traces of the mal-administrationof theearlier 
period have been eliminated and the State has enjoyed many years of steady 
progress and development. At the end of 1^4, the Maharaja, Chamrajendra 
Wode3rar, died of diphtheria in Calcutta and a career of great promise came to 
an untimely end. His son and heir, Krishna Raja Wodeyar Maharaja, was only 
ten years old, and, during the minority of eight years, his mother filled the highest 
position in the State as Maharani Regent. In 1902, the Maharaja was installed 
on the Gadi by the then Viceroy, Lord Curzon, and in 1921, as a mark of appreci¬ 
ation by the paramount power, of his able conduct of affairs, the Act of Rendi¬ 
tion was replaced by a treaty, thereby enhancing the prestige of Mysore among 
the Native States of India. 

It is outside the province of this paper to deal with other than the economic 
aspect of the administration; but, as will be seen later, that affords ample 
evidence of a wise and far-seeing conduct of affairs on strictly constitutional 
lines, as prescribed first in the Act of Rendition and re-aifirmed in the later 
treaty. In the early da}^ of the Commission the revenue was about Rs. 
70,00,000 a year; that it is now Rs. 3,35,00,000 is some indication of the pro¬ 
gress that lus been made. The estimated population at the beginning of the 
nineteenth century was about 2,000,000; at the first regular census, taken in 
1871, it was slightiy over 5,000,000. The great famine probably reduced 
it by nemly 1,500,000, followed for a time by a rapid recovery; but during the 
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last tw^ty years, the increase has been comparatively slow, due, possibly, to 
the ravages of plague in the earlier years and to the great influenza epidemic of 
1918. The 1921 census returned the population as 5,978,892. It may be 
taken as certain that, under present conditions, although little more than 
one-third of the State is under cultivation, population cannot much further 
increase without reducing the standard of existence. 

The future of Mysore, and indeed of India, rests with the success of measures 
to improve the methods of agriculture; yet it is far from being recognised 
that, whilst it is important and highly desirable that India should be rendered 
more self-contained and less dependent on imported manufactures, it is abso¬ 
lutely essential that the land should be made to yield more produce and crops 
of a higher value than are now grown. Agriculture is the great industry of the 
oountry, and manufactures must depend on it. The British Isles, Japan and, 
to a lesser extent, certain European States may, by virtue of their geographical 
position and by the high intelligence and technical skill of their people, be 
able to live as manufacturing nations; but for India to strive after such a 
position is hopeless, and any policy to encourage industries in the country 
should be based on a recognition of the supreme importance of providing in 
the country every possible facility for bringing to the land the resources of 
mechanical engineering and chemical and physical science, with a view to 
their utilisation to increase the output and extend the margin of cultivation. 

Indians have no need to increase and multiply, for there is no land to 
replenish. The population is big enough, and it is time we ceased to count heads 
as a mark of progress; and, instead, began to examine more carefully the stan¬ 
dards of living enjoyed by the great mass of the people. Fortunately, even 
without a policy, the pressure of circumstances has forced individuals more or 
less to work in the right direction; but wh?n the Government intervenes to help 
the individual, a definite policy is necessary, and it should be possible to state 
-clearly what ends are to be achieved by the pursuit of that policy. The 
mechanical engineer has made America, and mechanical engineering is wanted in 
India, not only to supply the mill industries, the railways, the mines and the 
miscellaneous factories with equipment,but also to supply improved implements 
and tools for working the land, pumps for lifting water for irrigation and 
machinery for preparing the crops for the market. A very great deal has been 
•done; hand spinning was dead till Mr. Gandhi revived the charka as a criterion 
of political capacity and as a protest agjdnst the tendencies of the age; rice 
hulling by the primitive methods of pounding the paddy is still carried on and 
large quantities of wheat are ground in hand querns; but the numbers engaged 
in these occupations have greatly diminished and mills, large and small, driven 
by steam, internal combustion or electric motors have replaced them. 
The excessive sub-division of the land* and the scattered nature of each ryot*s 

* Attention may be drawn to the valuable work of Mr. Calvert, the Registri^ of 
Co-operative Societies in the Punjab, in connexion with the consolidation of holdings. 
In a paper read at the Indian Economic Conf^ence in 1923. Mr. Calvert stated that 
dn 126 villiages, 35,000 scattered fragments of land had l^n consolidated into 4*5^* 
The evils arising from fragmentation are discussed in detail in that paper. 
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holdings, combined with an entire lack of capital for improvements, are almost 
overwhelming obstacles in the way of establishing a better state of things, and 
the changes which will have to be made should be the subject of study and 
experiment by the ardent patriots who think that it is time we handed over the 
country to them. They are anxious to have a voice in the Councils of the world 
and to furnish evidence that they are original thinkers and scientists; yet few 
of them have taken the trouble to study the every-day needs of the cultivator 
or turned their subtle intellects to solving the problems which must find 
solution if the teeming millions of India are to be raised in the social scale 
^d placed beyond the risk of privation and want. 

At the time of the Rendition in i88i, Mysore possessed 55 miles of broad gauge 
and 58 miles of narrow gauge railway; proposals for extensions were in ha^d 
and, steadily through the lifetime of the first Maharaja, railway construction 
was carried on. At the time of his death, in 1894, there were in the State 68 miles 
of broad gauge and 407 miles of metre gauge railway. Then followed a long 
period of inactivity, and railway construction was only resumed in 1913. Since 
then, there have been added to the railways 124 miles of metre gauge, 102 miles 
of 2' 6" gauge besides narrow gauge mineral and forest tramways to the extent 
of 126 miles. The policy pursued is open to criticism in that it introduced 
unnecessary breaks of gauge and that the cost would not have been any greater 
if light metre gauge lines had been laid down in place of the narrower gauges, 
whilst, by suitable speed limitations, it would have been possible to use the whole 
of the rolling-stock on any portion of the railway system. During this period, 
it was considered desirable to establish a State Department of Railways, 
to work not only the newly-constructed lines, but also such sections of the 
older lines as the Madras & Southern Mahratta Railway Company could 
conveniently hand over. The negotiations resulted in the transfer to the 
State Department of all the railways except those which form essential links 
in the Madras & Southern Mahratta Railway system. When the working 
agreements regarding these sections terminate, it is presumed that they also 
will be taken over to form part of the State Railway System and so, ultimately, 
Mysore will be independent of outside assistance in this important branch of 
public service. From a financial point of view the change has worked un¬ 
favourably, as the system is too small, and time is necessary for the State 
officers to acquire practical experience in railway management. The desire 
to be independent is, however, one to be encouraged and its realisation is perhaps 
worth the price that has to be paid. 

Mysore has no direct outlet to the coast and, for some years, attention has 
been directed to the little harbour of Bhatkal in the North Kanara District 
of the Bombay Presidency. Plans and estimates have been prepared to extend 
the .metre gauge line from Shimoga down the Western Ghats and improve the 
harbour, so as to make it secure against the south-west monsoon; but the 
question of ceding British territory, since the Mysore boundary is ten miles from 
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the CQast at this. point, has prevented any progress with the scheme. 
Moreover, it is likely to prove a very costly one, which even the most 
sanguine estimates of prospective traffic cannot justify. 

There is no evidence that would materially differentiate Mysore from other 
parts of the South of India in respect to the condition of its indigenous industries 
under its native rulers. The numerous tanks, the Cauvery channels, the old 
temples, the ruined forts and many archaeological |remains testify to the fact 
that in ancient times the Mysore plateai^ was inhabited by people enjoying 
a fair measure of prosperity and well versed in the arts and crafts which supplied 
the simple wants of a rural population and gave expression to their religious 
feelings. It is, perhaps, difficult to-day to realise how little industry auid 
aigriculture were affected by the constant feuds and petty wars of the various 
Chiefs who ruled the land. The artisan possessed but few tools and those of a 
simple nature easily hidden or, if destroyed, easily replaced. Production was on 
a cottage scale, and, except in the forts or palaces of the rajas and zamindars, 
there was little display of wealth and little for the wandering bands of marauders 
to seize or destroy. Arms and equipment were of the utmost importance and 
the trades of the ifon smelter, the smith and the armourer flourished. Mysore 
was celebrated for its wootz steel and it is claimed that it was in demand as the 
material from which the Damascus swords were made. Each village had its 
own artisans and the more clever and skilled men were attracted to the Courts of 
the local rulers, where they plied their trades to supply articles of luxury and 
beauty. During the usurpations of Hyder Ali and Tippu the country suffered 
badly, and forced labour was ruthlessly requisitioned for the construction of 
military works. Wholesale migrations took place and when the Arasu family 
was restored to power and influence, in 1799, the country was in a terrible state. 

It is a common impression that the indigenous artisans in India have suffered 
severely from the competition of the factories of Europe and that they are to-day 
in a depressed and decadent state. It is probably nearer the truth to state that 
the reverse is the case and, were it within the scope of this paper, it would be 
easy to produce convincing evidence that, whilst great changes have taken place 
and some industries have died out, yet on the whole the artisans are far more 
numerous than they ever were before, that they turn out a much greater volume 
of work and that they have adopted many improvements in their methods 
of working. This is true of Mysore as of other parts of India. 

By far the most important of the artisan industries in the State is handloom 
weaving in cotton, wool and silk. The looms number about 37,000 and the 
annual value of the outturn is estimated at three crores of rup)ees. During the 
Muhammadan usurpation in the latter half of the i8th century the old artistic 
industries were neglected, and only a few have survived in a degraded 
state the long period of recuperation which followed. It cannot be claimed 
that recent efforts to revive them have met with any great success. 

Modem industries, apart from minor ordnance factories, were "slow in making 
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thdr appearance in Mysore. The first attempt was the Ashtagram sugw Works, 
which were established in 1847 at Palhalli, near Seringapatam. The object was 
to refine the jaggery made from sugarcane grown by the local ryots. The scale 
of operations was considerable and the plant was said to be capable of turning 
out 2,000 tons of sugar per annum; that it did so caimot now be ascertained. 
The factory certainly worked for a long period, but was eventually closed down. 
Later, Messrs. Arbuthnot & Co. established at Goribidnur a similar factory, 
vdiich has passed through many* vicissitudes; it is also now derelict, 
though it was in operation a year or two ago. The next venture see^ tO' 
have been a silk filature, with 80 basins worked by steam, which was started in 
1^866 at Kengeri by aif Italian, one Signor Vecchi, who, to improve the local 
sericulture, imported eggs from Japan. It was apparently a well-conceived 
scheme, though in the end nothing came of it. In the early eighties, cotton spin¬ 
ning was introduced into Bangalore and twb mills were started, one by a Bombay 
firm in 1883 a^&e by Messrs. Binny & Co., of Madras, in 1884. Both 
were, to some extent, assisted by the Government and both have still Govern¬ 
ment nominees on their Boards. From comparatively modest beginnings, they 
have grown to large concerns, which have proved very profitable in recent 
years. At the present time, the Maharaja Mills have 25,000 spindles and 350- 
looms and the Bangalore Woollen Cotton and Silk Mills have 35,000 spindles and 
nearly 1,000 looms. Since the war a third mill with 23,000 spindles has been- 
erected near Mysore with local capital and is now running under local manage¬ 
ment. Still later, the managers of the Maharaja Mills have commenced building 
another cotton mill in Bangalore to contain 25,000 spindles and, under Mu¬ 
hammadan management, a new woollen mill near Bangalore has been started. 

The recent developments of the textile industry in the Mysore State are na 
doubt in part due to the favourable terms upon which power is supplied by the 
Electrical Department of the State. It 'may be interesting to record that along¬ 
side the cotton mill, an oil mill worked by steam power and of modem design 
was set up; but this venture proved unsuccessful and was ultimately dis¬ 
mantled. The reason for the failure was that local combines raised the price of 
oil seeds to such a level that operation was unprofitable. Similar difficulties 
have been encountered not long since by another and even larger enterprise 
of the same kind on the West Coast. 

In the middle of the 19th century the tanning of cow hides with avaram- 
bark (Cassia auriculata) was established in the Madras Presidency and the 
industry also took root in the Mysore State. The Madras Kips are well known 
in the trade; they are considered to be only half tanned and they are converted 
into finished leather in the countries to which they are exported. The tan¬ 
neries of M3rsore contribute annually about 40 lakhs of rapees worth of these- 
Kips. The industry is a very simple one and is of economic rather than of 
technical importance as utilising what was formerly a waste product. 

Mention now must be made of the gold prospecting work at Kolar in 1874 by 
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Mr. M. F. (<avelle, whic^ ultimately resulted in the development of a number 
of mines now well known all over the world. The story of their 
early days and of how, when the mining companies were absolutely at the end 
of their resources, a rich lode was discovered, has often been told and need not 
be repeated here. The success at Kolar led to prospecting all over the State 
and to the discovery of gold in many places. Mines were opened up where the 
prospects seemed to justify it; but outside Kolar none have been successful, 
and to-day only live of the Kolar mines are now at work. In the year 1923 
they produced 422,501 ounces of gold, worth £1,754,895, and paid in royalties 
to the State £94,860, and in dividends to the shareholders £234,644. The 
total production of gold up to the end of 1923 has been 15,654,045 
ounces, worth £60,387,946, and the royalties received by the State amount to 
£3 iI8o, 722. These mines are now among the deepest mines of the world, and 
have reached in their bottom workings well below 6,000 feet from the surface. 
In comparison with the dividends paid to shareholders, the royalties to the 
State appear to be comparatively small; but account must betaken of the large 
sums spent in prospecting and in working mines which have ultimately failed. 
Even among the successful mines, Balaghat which has yielded 609,355 ounces 
of gold, worth £2,669,868, has paid in royalties Rs. 20,64,286, whilst its 
shareholders have received in dividends only £317,775. 

In view of the fact that there are many in India opposed to the exploitation 
of the mineral wealth of the country by outside capitalists and desirous of 
deferring development till it can be undertaken by the people of India without 
assistance, it may not be inopportune briefly to ansdyse the working of the Kolar 
Gold Fields. Up-to-date, the total dividends are 35 per cent, of the value of 
the gold raised and the share of the State has been 15 per cent, of the dividends; 
last year the dividends were 16 per cent, of the value of the gold raised, 
and the share of the State was 34 per cent, of the dividends. The royalties 
paid are very reasonable, being only 5 per cent, on the gold obtained and 2} 
per cent, on the dividends. This latter item has, however, been consider¬ 
ably augmented in recent years by the levy of an income tax. 
With increasing depth the working costs must increase, and the 
share of the State which is mainly based on the gross yield 
steadily becomes a larger proportion of the profits, so that ultimately the 
whole of the profits will go to the State, unless the terms on which the mines 
are leased are altered. The fallacy in the Indian argument against working 
mines with foreign capital lies in the failure to recognise the importance of 
the loss which India sustains through receiving no interest on capital which 
lies buried. The wealth of the Kolar Gold Fields is by no means exhausted 
and ea c h year adds to the share of the profits which the State receives. 

But the direct contribution is by no means the only advantage the State has 
received from the mines. Where there was formerly a barren waste, there is 
now a flourishing mining settlement, with a population, in 1921, of 87,682. It 



^27 JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


June 2Gt 1926, 


was the demand for power at the mines which rendered it possible to start the 
hydro-electric generating station on the Cauvery, the subsequent development 
of which has done so much to increase the wealth of Mysore. In 1923, the mines 
used 124,645,672 k.w., for which they paid Rs. 27,96,447. They haVe 
greatly benefited by the cheap Supply of electric energy, as has also the State 
in utilising a natural source of wealth which otherwise would have been 
neglected. 

In the early nineties, there was considerable discussion in Madras over the 
potential water-power of the Periyar irrigation project and a report issued by the 
Secretary of State drew attention to the facilities for long-distance transmission. 
Naturally other possible sources of water-power were examined and proposals 
were made to the Dewan of Mysore, Sir K. Seshadri Iyer, regarding the utilisa¬ 
tion of the falls of the Cauvery at Sivasamudram. Captain A. J. de Lotbiniere 
suggested that the State should undertake the development of the power and 
find a market for the same on the Kolar Gold Fields. After lengthy negotia¬ 
tions, the project was approved by both parties, and the Government undertook 
to supply 4,000 h.p. to the mines by a transmission line 92 miles long. Six units 
of 750 k.w. capacity were installed, worked by turbines on a head of 380 feet. 
The first motor on the Kolar Gold Fields was formally set in motion on the 
i6th of August, 1902, by the Viceroy, Lord Curzon, and from the outset the 
plant worked very well. This was the first long-distance transmission line in 
India and, at the time, was one of the longest in the world. Two years later 
five additional units were installed and power to Bangalore City, 57 miles from 
the generating station, was supplied in August 1905 and to Mysore, 37 miles 
distant, in 1908, A third installation was added in 1908 and then, for eight 
years, nothing further was done as the available water supply in the hot weather 
was fully utilised. To supplement this and to provide for a larger area of 
irrigation, a great scheme was sanctioned in the Public Works Department 
in 1912 to build a dam across the Cauvery a few miles above Seringapatam to 
hold up a very large volume of water. As the storage capacity became available 
additional units were added in 1916 and 1918 and finally, in 1919, plans for 
overhauling the power station completely were sanctioned, the original small 
units of 750 k.w. being scrapped and six new generators of 3,000 k.w. each 
provided for. When the work is completed, the capacity will be 24,000 k.w. 
For the year ending June, 1924, the gross receipts were Rs. 44,81,000 and the 
working expenses Rs. 14,53,000; after allowing 4 per cent, on the capital 
outlay, the net return was 13.48 per cent. From the beginning, the capital 
expenditure has been Rs. 175,47,000, the gross income has been Rs. 489,53,000 
and the total working expenditure Rs. 187,04,000. The power is supplied to 
Kolar Gold Fields at special rates. For lighting in Bangalore and Mysore, 
the rate is four annas per unit and power is supplied on a sliding scale beginning 
at two annas per unit for a demand of less than 20 h.p., decreasing to 0.6 annas 
per unit for loads of over 300 h.p., whilst the mills are supplied at only 0.5 
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annas per unit. These are low rates, especially for power, and the demand in 
this direction has steadily increased. 

The Government pumping stations supplying water to Bangalore, Mysore 
and the Kolar Gold Fields are now worked by electricity. Besides the mills and 
one.or two other large users of power, there are nearly 150 small consumers with 
an aggregate load of 800 h.p. The day load is now equal to the full capacity 
of the generating station, and there are prospective demands for at least one- ■ 
third more power. This chiefly comes from the mines, which, with increasing 
depth, need more power for haulage and ventilation. Mysore is fortunate in 
thus being able to develop its water-power and find an immediate profitable 
market for it. When, at some possibly distant date, the mines one by one cease 
to operate, for the power then relinquished other uses will undoubtedly be 
found, if the policy of encouraging the development of industries be steadily 
pursued. 

As already stated, Mysore has a Geological Department which was first organ¬ 
ised in 1895 by the late Mr. Bruce Foote and Dr. S. W. Evans. Some years later, 
it was reconstituted under Dr. F. W. Smeeth as the Department of Mines and 
Geology. In 1917, this Department was split in two to deal separately with 
** Geology " and “ Mines and Explosives.'' In the earlier years attention was 
concentrated on the geological survey of the State, the work done being recorded 
in a valuable series of departmental publications; since 1915 greater attention 
has been paid to economic work with a view to the exploitation of the mineral 
resources of the State. The economic results of this survey and of all the 
prospecting work undertaken by private agency are fully described in a hand 
book entitled the Mineral Resources of Mysore," issued in 1916 by Dr. F. W. 
Smeeth. 

When the late Mr. J. N. Tata first offered to provide an endowment for 
scientific research in India the then Dewan of My.sore, Sir K. Seshadri Iyer, 
anticipating that great advantage would accrue to the Mysore State from the 
location within its borders of the Institute in which the work would be carried 
on, drew attention to the suitability of Bangalore on account of its climate and 
promised a site, a large capital grant and an annual contribution to the income 
to secure this result. In the end after prolonged discussion on the merits of 
alternative sites, the Indian Institute of Science was established in 1911 at 
Hebal just outside Bangalore as a post-graduate University institution, having 
for its particular object the promotion of advanced studies and original research 
with special regard to the educational and economic interests of India. In the 
14 years which have elapsed since the Institute was opened, many Indian 
graduates have received a training in scientific method and have been equipped 
with the knowledge and experience which have enabled them to obtain positions 
of responsibility in various branches of industrial activity. There is no doubt 
that its proximity to the centre of the Government of Mysore has proved of 
considerable use to the State, though perhaps not to the extent that its resour- 
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ces are capable. Three industrial ventures each of which has attained com¬ 
mercial success, were started in Bangalore with the help of the sdentiiic staff of 
the Institute. In each case, the preliminary work was done in the labomtories 
of the Institute and, as the author was responsible for initiating the exp^ments, 
he can state with some authority that, if the Institute had not been available 
for the preliminary work, nothing in this direction would have been done. The 
main object of the Institute, in which it has been eminently successful, is to 
train men to conduct investigations in a scientific way by emplo3nng them on 
suitable research work. In addition, the Institute may be regarded as a 
finely tempered instrument for assisting .industrial development; in that 
capacity, however it cannot work alone. It may be confidently stated that it 
requires both experience and skill of a high order on the part of those outside the 
Institute engaged on such work to make full use of su^ a complete organidk- 
tion. Generally, the subjects for industrial research must be brought to the 
Institute and only occasionally can they originate in its laboratories. This 
fact is not recognised by the critics of the Institute who demand results that 
can only be obtained when the value of scientific research as an aid to industrial 
prqgressisproperlyappreciated. Vague statements areoften made regardingthe 
innumerable problems that require solution if full use is to be made of India's 
resources; but few are presented in such a way that practical action can be 
taken. It is asking too much of the Institute staff that they should discover 
for themselves the problems presented by the special conditions of industrial 
enterprise in India. 

The Institute possesses well equipped laboratories for research in Organic, 
General and Bio-Chemistry and in various branches of Electro-technology- 
Its students are post graduates of the Indian Universities and they come from 
all parts of India. Very good hostel accommodation is provided for them and 
the amenities of college life are by no means neglected. Both staff and students 
play a prominent part in the annual meetings of the Indian Science Congress, 
over which this year the Director, Dr. M. O. Forster, F.R.S., presided. ' 

We now come to a period in the history of Mysore which has been, and still 
is, the subject of some controversy. Hitherto, the State had progressed on 
normal and very safe lines. There was a large surplus in the Treasury and 
general contentment with the existing conditions. There is no doubt there was 
a slight tendency to stagnation and perhaps, as typical of the situation, it may 
be mentionSjdkthat there was some anxiety as to the future, when the mines 
might be worked out and their demand for hydro-electric power would have 
ceased. In this calm atmosphere, a man of unusual energy appeared, gifted 
with imagination and ability to express his ideas and imbued with an aMent 
desire to serve his country and his native State. It was in 1909 that Mr. 
(now Sir) M. Visvesvara}^ returned to Mysore as Chief Engineer. He had 
served in the Bombay Public Works Department with distinction and had 
travelled widely. From the outset, he made himself a force in the State, and to 
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his initiative was due the establishment of aniEotoomic Conference to meet 
once a year, and to cany on work continuously, of three Central Committees 
for (z) Industries, (2) Agriculture and (3) Education, and of eight District 
Cmmnittees presided over by the Deputy Commissioners; the functions of which 
were to apply locally the results of the deliberations of the Central Committees 
and to gather and forward to these bodies information regarding local possibili¬ 
ties of development and local needs. Later, an attempt was made to form 
Village Committees but with only a scant measure of success. All the leading 
men in the State, official and non-official, were persuaded to take an active 
part. Meetings of the Conunittees. were held monthly to discuss long pro¬ 
grammes drawn up by official secretaries. Departments of Agriculture and 
Education already existed, and, early in 19x3, one to deal with Industries was 
created. In 1912, Mr. Visvesvaraya was appointed Dewan and took up the 
office imbued with the idea that M3rsore should lead the way in India in the 
development of its resources and in the improvement of the moral and social 
condition of the people. For seven years he laboured incessantly; but the 
times were against him and the war, which broke out before he had been two 
years in office, seriously interfered with the progress of his plans. The important 
developments in railwa3's and the generation of electric energy have 
already been mentioned. At the beginning of his period of office, recog¬ 
nising the need for improved banking facilities in the State, he took measures 
to establish what is now known as the Bank of Mysore, which, under 
its first Manager, Mr. W. C. Rose, has been of great assistance to the commercial 
community during a very trying period. 

In pursuance of the idea that the State possessed adequate resources to main¬ 
tain its own institutions for the promotion of culture, the University of Mysore 
was founded and, later, a school for the training of mechanical engineers. 

In 1917, after consulting Mr. C. P. Perin, the Chief Engineer and technical 
adviser of the Tata Iron & Steel Company, the Mj^re Government were com¬ 
mitted to an extensive project to utilise the forests in the north of the State 
to supply charcoal for smelting the iron ores of the Bababudan Hills. Forest 
areas were reserved to }neld annually 100,000 tons of wood on a thirty years’ 
rotation and a wood distillation plant provided so as to secme all the valuable 
by-products of charcoal manufacture. The scale of operations contem¬ 
plated an outturn of 20,000 tons of charcoal iron a year. The works were con¬ 
structed by the Tata Iron & Steel Company and have now beer ' 1 operation 
for two years. The author is not in possession of accurate data regardmg the 
results achieved; but it is common knowledge that the capital expenditure is 
in the neighbourhood of 200 lakhs of rupees and that so far the running costs 
exceed the value of the iron produced. Interest charges and depreciation add 
at least Rs. zoo per ton to the total cost. A time must come when heavy 
repairs and renewals will have to be faced and it would seem that then of 
necessity this unfortunate enterprise will have to be shut down. ' 
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In the newly-created Department of Industries, of which the author was in 
charge for nearly four years, work was mainly concentrated on the encourage¬ 
ment of the use of small power plants in rural industries. Previous experience 
in Madras had demonstrated the practical value of such plants, provided 
discrimination was exercised in the selection of suitable applicants for 
assistance. Similar results were obtained in Mysore so long as it was possible 
to obtain the requisite machinery and many oil engines and suction gas producer 
plants were set up to drive pumps to lift water for irrigation, to drive sugar cane 
mills, oil expellers, saw mills, rice hullers and miscellaneous machinery. The 
necessity for a liberal measure of State Aid was recognised and rules were drafted 
i^hich received the sanction of Government for the grant of State loans, known 
in India as Taccavi advances, on the security of land and of the improvements 
to be effected by the loans, and of advances for the hire-purchase of machinefy 
and plant. These have proved useful and, recently, the Madras Legislature 
in their “ Aid to Industries Bill ** have adopted similar methods to attain the 
same ends, though, as it is now contemplated to grant much larger loans than 
are permissible in Mysore, more elaborate machinery has been devised 
for the preliminary investigation of applications. 

The first industrial aid rendered was to a chrome tanning company started 
by an Assistant of the Department of Industries in Madras who had been in 
charge of the pioneer chrome tannery<. One-third of the capital was contribu¬ 
ted by Government and a venture which would certainly have collapsed from 
want of funds was rescued to contribute materially to the technical advance¬ 
ment of tanning in India, though perhaps with less profit to the shareholders 
than they deserved. It is significant that at the present time the tannery is 
being worked by an European agency firm in Madras. 

An experimental weaving shed was started and the manufacture of simple 
warping mills, framed looms and fly shuttle sleys undertaken. Peripatetic 
weaving parties under competent instructors were sent to the more important 
weaving centres and the weavers given instructions in their own homes. It is 
estimated that 6,ooo or nearly one-third of the cotton weavers in the State 
have taken to the use of the fly shuttle and have thereby increased their weaving 
capacity by at least fifty per cent. Experience however seems to indicate that 
this increased capacity is not utilised and that, in consequence, the economic 
effect of the change is but slight. The strengthening of one link in a chain 
is useless unless it be the weaker. 

Experiments in the manufacture of soap were initiated and eventually a 
small factory was started which has steadily expanded and is now a con¬ 
siderable commercial success. 

Later, under Mr. Rungasawmy Iyengar, the second Director of Industries, 
modem metal working for the production of copper and brass hollow-ware was 
introduced and the resulting factory has been taken over by a private 
company. 
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The area under sugar varies greatly from year to year, being dependent on 
the rainfall and the amount of water in the tanks. Ryots usually cultivate only 
small patches, as they have neither capital to grow a larger crop nor cattle to 
crush the canes from large areas. The Department set up a number of small 
power driven mills, each capable of crushing an acre of cane (20 tons) a day with 
improved arrangements for boiling down the juice. The ryots in the neighbour¬ 
hood of these plants were invited to bring their cane to be crushed and the juice 
converted into jaggery and were charged a fixed rate per maund of jaggery 
produced. The response was, in some plades, fairly good; but it was always 
inadequate and irregular. The mistake was made in not buying the cane and 
relieving the ryots of the anxiety of disposing of the jaggery. If this had been 
done, it now seems probable that these plants would have met with much greater 
appreciation and that the area under cane would have increased in their neigh¬ 
bourhood. The power driven mills obtained a larger percentage of extraction 
and the improved boiling jdelded a better quality of jaggery. It is 
desirable that the experiment of buying the cane in selected areas should yet 
be tried. The work on sugar cane crushing has, nevertheless, borne useful 
results, as power driven mills are gradually coming into use in those parts of 
India where the conditions are favourable, and it seems certain that as the 
iron roller mill displaced the wooden mill, so the power driven mill will replace 
the use of cattle. Most of the cane grown in India is converted into jaggery, 
which is still the favourite form in which sugar is consumed by the people, 
though the taste for sugar is growing, fostered by the fact that the excess 
requirements of the people can only be supplied in that form. The imports 
into India are very large, and it is noteworthy that even now India grows 
enough cane to supply its own needs ; but it wastes at least one-fourth of the 
supply through imperfect extraction. This wasted sugar is burnt with the 
megasse under the boiling pans. 

A more successful venture has been the distillation of sandal-wood oil. The 
tree flourishes over a comparatively small area in the South of India, the 
greater part of which lies within the boundaries of Mysore. It is a State mono¬ 
poly and has always been an important source of revenue. In 1880-81, 1,443 
tons of sandalwood were sold for Rs. 5,18,000 or Rs. 387 per ton. In 1911-12, 
2,363 tons were sold and realised Rs. 12,59,301 or Rs. 534 per ton. In the next 
two years extraordinary rates were obtained at the annual auctions, as in 
1913-14, 2,147 tons were sold at an average rate of Rs. 1,051 per ton. The war 
intervened and, at the next auctions, no wood was sold. It then seemed to be 
a favourable opportunity to abandon the system of disposing of the wood by 
auctions and the Director of Industries suggested experimental work in the 
distillation of the wood with a view to selling the oil instead of the wood. This 
was sanctioned and, in conjunction with Messrs. J. J. Sudborough and H. E. 
Watson, two of the professors of chemistry at the Indian Institute of Science, 
distillation on a laboratory scale was tried and from the experience gained. 
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plans were prepared for a factory to )tum out 2,000 lbs. of oil a month* 
There were difficulties connected with the equipment, owing to the war, and 
everything had to be made locally. In May, 1916, the factory started distilling 
sandal-wood. In a short time, additional steam plant and stills were added 
and, by the end of the year, the output was raised to 6,000 lbs. a month 
and the erection of another and much larger factory in Mysore undertaken,, 
started distilling wood in September, 1917. Whilst the export of 
wo(^ wls difficult owing to the war there was a considerable demand for oil not¬ 
withstanding the fact that enemy countries and Russia were out of the market* 
The factories have proved a commercial success as, with a total capital outlay 
of Rs. 7,00,000, by June, 1924, a net profit of Rs. 27,00,000 had been made. Up 
to that date 850,000 lbs. of oil had been sold for Rs. 1,90,00,000, equivalent^ 
at the fluctuating rates of exchange during that period prevalent, to 
£1,500,000. The sandal-wood of the Madras and Coorg Forest Departments is 
still sold by auction and it is estimated that, during the same period, the receipts 
on this account are less by Rs. 22,00,000 than they would have been if the oil 
had been distilled and sold in place of the wood. These sandal-wood oil factories^ 
like the turpentine factories at Jalloo and Bhowali in the North of India, are 
favourable examples of the direct exploitation of the forest resources by Govern* 
ment agency. 

The establishment of this industry in the State has given rise to an essential 
oil industry of considerable promise, started by Mr. B. Seetharam 
Char, who was formerly the senior technical assistant in the Government 
Factories. Besides distilling oils from local products, raw materials are 
imported from various sources of supply bordering on the Indian Ocean* 
This branch of the business is however handicapped by the revenue import 
duties, which undoubtedly ought to be abolished. 

Independently of the Department of Industries, sericulture has been revived 
and modem granaries established to supply disease-free seed to the rearers. The 
silk industry was introduced during the Muhammadan usurpation in the time of 
Tippu. The worms are poly-voltine and six or seven crops a year can be 
obtained; but the cocoons are much smaller than those of uni-voltine worms. 
The mulberry in Mysore is a shrub and not a tree and it is usually irrigated. 
The indigenous methods of silk reeling are clumsy and inefficient. Attempts 
at improvements have been made from time to time with little success. 
Quite recently, however, a French filature has been set up in Mysore which turns 
out excellent silk and it seems likely that private enterprise will establish 
others. The published statistics of the silk industry are very unreliable, so 
that it is difficult to estimate what is the annual production. The agricultural 
statistics exhibit improbable fluctuations in the area under mulberry and the rail- 
borae trade returns are of little use as they include large imports into Mysore by 
road ffom the adjoining district of the Madras Presidency for transport through 
the State by rail. Ronghly, it seems likely that M}^re produces about 
Rs. ieo,bo,ooo worth of silk per annum. 
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It would be easy to burden this paper with a vast amount of statistics; 
but they would be of little more than local interest. Since the system of 
making Taccavi loans for industrial purposes was introduced, about Rs. 9,00,000 
has been advanced, of which Rs. 4,77,255 has been recovered and Rs. 90,537 
paid by way of interest. Independently of Government, upwards of 
8,00,000 has been invested in these small industries in the last two years, and 
though these sums may seem trifling to European industrialists, they indicate 
a growing movement in the right direction: ^Perhaps of more interest are the 
figures for the total import of machinery into the State, which are as follows: 

1920- 21.Rs. 57.44 lakhs. 

1921- 22. 96.69 „ 

1922- 23. 85,52 „ 

Reference has already been made to the Dam constructed across the Cauvery 
at Kannambadi. On this work at the end of 1924, the expenditure had been 
Rs. 217 lakhs and to complete the work to the full height a further outlay will 
be necessary. Primarily, it was constructed in connexion with the hydro¬ 
electric scheme; but the ultimate storage capacity will be much greater than 
that required for power developments; so it will be possible to divert a large 
amount of water for irrigation in the Mysore State. This has caused great 
alarm in the delta tracts of the Cauvery, where an extensive area of rice cultiva¬ 
tion depends upon the flow of the river, and the project of the Mysore State has 
been the subject of very prolonged negotiation with the Madras Government, 
finally resulting in a settlement, whereby Mysore is allowed to complete the 
storage works and to irrigate an additional 1,25,000 acres. The industrial 
future of Mysore will be largely influenced by the way in which this concession 
or right is exercised. The irrigation works may be carried out from surplus 
revenues, and therefore slowly and with heavy accumulations of interest before 
any return is obtained, or they may be executed rapidly with borrowed money 
and designed to secure the greatest possible return. Usually, irrigation in the 
South of India connotes paddy crops and it is likely that this will be the case 
under the Kannambadi reservoir unless special efforts are made to assist the 
cultivators to grow sugarcane. It is a crop which requires capital and the 
provision of adequate machinery to deal with the cane when it is ripe. The 
area mentioned should easily produce 1,000,000 tons of cane a year, to handle 
which mills having a daily capacity of from 7,000 to 8,000 tons of cane will be 
required. The yield of sugar should be at least 100,000 tons a year, worth about 
Rs. 400 lakhs. As India imports about four times this quantity, there is an 
assured home market, which, at the present time, is protected by a tariff of 25 
per cent. 

The area of waste land in Mysore is very extensive and much of it can never 
be brought under cultivation; but there are almost certainly large tracts which 
could be utilised very profitably for fibre plantations. The Department of 
Industries, at a very early date, collected all the available information regarding 
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the growth of sisal hemp in the State .and issued a bulletin on the subject 
Here and there, a few plants have been grown with good results; as yet, 
no well considered attempt has been made to establish plantations on a com¬ 
mercial scale. There is now no doubt that where there is sufficient lime in the 
soil, an important proviso in an area which has never been submerged and 
which therefore contains no marine deposits, the plant will grow well except in 
the more arid parts of Mysore. Each, plantation to be a commercial success 
must be on a large enough scale to furnish a continuous supply of 
leaves to keep at least one of the modem fibre extracting machines at work. 
Such a machine will turn out two tons of fibre per day and as the fibre is about 
four per cent, of the leaf, the supply should be about 50 tons a day, 
equal to the yield of four acres closely planted. With 300 working days in the 
year, a minimum area of 1,200 acres is indicated. Regular plantations involve 
a large capital outlay, which might be avoided if only the villagers in sufficient 
numbers could be induced to plant small areas of sisal hemp. With the fibre at 
£40 or roughly Rs. 500 a ton in London, the gross value of a ton of leav^ is 
Rs. 20 and allowing half the gross value for extracting the fibre and putting 
it on the market, the ryot should get Rs. 10 a ton for his leaves or Rs. 125 per 
acre, about three times as much as he can hope to get from his land with any 
other dry crop. Of course, he will have to wait four years before he can begin 
to harvest leaves, and that he cannot do; at any rate, it would be impossible 
to get a sufficient number within a reasonable distance, say five miles of a 
central factory. It is therefore a matter for the Government to take up and 
this is now engaging the attention of the Agricultural Department. The 
justification for intervention, if any is needed^ is that land almost useless for 
ragi can be utilised and that, in addition to the crop being a comparatively 
valuable one, it will be little affected by an unfavourable distribution of the 
annual rainfall, which is so frequently a cause of loss to the cultivator of food 
crops. If 100,000 acres of sisal hemp were established, the crop would be 
worth on the spot Rs. 125,00,600, and as the land occupied would be on or 
beyond the margin of ordinary cultivation, it would prove an extraordinarily 
valuable insurance against famine. Concentration of cultivation is essential 
if such crops as sugarcane and sisal hemp are to be subsequently treated by 
efficient modem machinery. The ryot will not grow the crops till he is certain 
that he can dispose of them ; the capitalists will not put down the machinery 
till the crops are visible, and so nothing will be done unless Government can 
take the initiative and, in the general interests of the community, guarantee 
the ryot against loss at the outset. 

From the foregoing account of the industries of Mysore, it will be seen that 
the people are emerging from the primitive industrial system that has from 
time immemorial prevailed all over India. They have not yet acquired confi¬ 
dence in large joint-stock concerns. Except those that have been started 
recently and have not yet made^ good, all now working were initiated 
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and are still controlled by managing agencies outside the State. The country 
is prosperous from an Indian standpoint but in no sense wealthy and the 
Government alone is powerful enough to take action in any large and important 
projects. The following table shows that its investments in productive works, 
excluding those pertaining to irrigation, are of great importance: 

Statement of Capital Outlay on Productive Works as on ist July, 1924. 

I. Mysore State Railways worked by Madras & Southern 



Mahratta Railway Company . 

190 lakhs. 

2. 

Railwa3rs worked by the State . 

.. 279 

I* 

3 - 

Electrical Works . 

. . 176 

f» 

4- 

Krishnaraja Sagara Dam on the river Cauvery 

217 

I* 

5. 

Sandal-wood Oil Factories. 

7 

•» 

6. 

Iron Works. 

.. 191 


7 - 

Other Works. 

2 

f ■ 

8. 

Kolar Gold Fields Water supply project 

.. 18 



Total.1080 lakhs. 


Besides these, it administers the reserved forests which yield an average 
gross revenue of Rs. 16 lakhs a year and a net revenue of nearly five lakhs. 
It will, therefore, be evident that the Government recognise their responsibili¬ 
ties and have fairly endeavoured to shoulder them. The revenue of the State 
is perhaps the best measure of its general progress and the following figures 
for quinquennial periods have some significance in this respect, especially if 
the comparatively inelastic item of Land Revenue be excluded: 


Total Revenues. _ 

Average. 


For the Quinquennium Ending. 


Lakhs of Rupees. 

Land | Other I 

Revenue, i Items. Total. 


1885—86 

71 

37 

108 

1890—91 

86 

51 

137 

1895—96 

92 

81 

173 

1900—oi 

96 

90 

186 

1905—06 

97 

115 

2;t2 

1910— II 

lOI 

137 

238 

1915—16 

105 ' 

176 

281 

1920—21 

108 ' 

203 

311 

For the year 1921—22 

116 ! 

196 

.312 

„ 1922-^3 

118 

213 

331 

„ 1923—24 

113 

225 

338 

„ 1924—23 (Budget) 

122 

214 

• 336 
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From a condition of benevolent autocracy, the administration has gradually 
changed its character first by the institution of the Representative Assembly in 
z88i, then of a Legislative Council in*i886, which was merged in 1923 in a 
Legislative Assembly endowed with considerable authority. As the Govern¬ 
ment becomes more popular, it naturally ceases, to be paternal and it is likely 
that in the future, development will rest, much more than in the past, with 
private enterprise. That the change has occurred too soon, is the opinion of 
mahy; but the early assumption of popular responsibility may conduce to a 
more rapid growth of individual enterpidbse than would happen by a prolonged 
retention in leading strings. 


DISCUSSION. 

The Chairman (Sir Thomas Holland). said that the paper had been a sober, 
well-proportioned survey of the conditions in the Mysore State, and those of them 
who had worked with Sir Alfred Chatterton in India—^and he saw some among the 
audience—^must realise with him that the preparation of a paper of that sort 
required some exercise of restraining influence on the tendency he must have had 
to deal with the causes which led to the imperfect fruition of the great efforts he 
had made when in charge of the industries of the Mysore State. Many of his 
schemes might and would have developed had Sir Alfred Chatterton still been 
there to control and guide them. The paper dealt with much more than the Mysore 
State. The Mysore State had been chosen ,as an object-lesson applicable to the other 
provincial units of India. The problem in India now had changed considerably 
since the Industrial Commission reported, for the provincial spirit had grown 
up so strongly that schemes for organisation on a large scale had been completely 
changed, and the provincial units which would now be worked must suffer to some 
extent from inability to command the resources necessary to deal with industries 
on a modem scale in competition with technological industries of other countries 
It was rather painful to see some of these descriptions, especially those that were 
enumerated about half-way through the paper—^industries that were started and 
obviously had a power of developing, and might have done so if the accessory 
conditions had been established alongside the main attempt. 

There was one sentence in the paper which seemed to the speaker to bring out 
most clearly one of the very great difficulties attaching to the attempts made to 
encourage on behalf of the State, the development of minor industries in India. 
It was the reference to the way in which the weaving industry failed to respond 
to the efforts made to develop it, and the paragraph contained this significant 
sentence: The strengthening of one link in a chain is useless unless it be the 

weakest.*/ That was what was found, in all the attempts to encourage industries 
in India. The success depended very often upon some accessory raw material 
or some subsidiary process or some way of utilising the by-products. M3rsore, 
like the rest of India, was a land of high lights and deep shadows. It had a flourish¬ 
ing gold-mining industry, completely eclipsing anything else of the sort in India. 
There was electrical power which had developed in a flourishing way, there was a 
sandal-wood oil factory, and yet, by the side of these very advanc^ and well- 
developed industries, there was a somewhat primitive condition of affairs generally 
throughout the State. In mineral resources M3rsore possessed gold and iron ore 
in abundance, but no coal. He said ** No coal,’* in spite of the very definite'asser- 
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tions rcicfiintly made in the newspapers of coal actually'being found in M3rsoie 
in a boring tiiat passed through a considerable amount of granite before the coal 
was reached* Tbe discovery was one that, no doubt, had some other explanation 
which it was not necessary now to detail. In every attempt to develop India's 
industrial work two great difficulties mauie their appearance—one, the want of 
training in technology together with the imperfect information obtainable 
regarding the raw materials of the country in consequence of the absence of scientific 
research, and the other the inability of the people in the country still to appreciate 
the value of banking. Sir Alfred Chattertoi^'s problem in Mysore wais to attempt 
to utilise the ryot in his uneducated state, to turn to account his own methods, 
to introduce to him machinery of a kind l^at' he could use and easily repair and 
which was in units small enough to meet his limited resources. In that way Sir 
Alfred had developed over the State a considerable increase in industrial activity. 
It was along those lines that the work ought to be continued, because it would 
be a generation or more yet before the modem industries organised on modem 
technological lines would be possible for a community of that sort. 

The Provinces of India now had certainly taken a direction which showed that 
they must realise the enormous advantage of scientific research before they 
developed the natural resources of India. The resources of India, vegetable and 
mineral, were difierent from those of other countries, but science was world-wide 
in its application, and what it had done for the industries in Europe it ought to 
do in India. Scientific work had been so specialised, however, that the practice 
so often followed in India of employing two or three men to do scientific work of 
all kinds was asking for trouble. Unless the scientific man was doing research 
work along his own special lines he was more likely than not to be a failure. With 
regard to banking—^the other great problem—India was still extremely slow to 
appreciate the value of having in this way fluid capital. In Mysore State a move 
had been made of great value in the system produced by Sir Alfred Chatterton, 
of making small loans to ryots to purchase relatively small units of machinery 
so as to reduce their labour charges and to bring about better treatment of their 
crops, and these loans had been made in such a way that they were repayable in 
easy instalments, and, so far as the speaker understo^, the number of f^ures had 
been extremely small. The people were thus learning, to some extent, the value 
of money that could be borrowed at a reasonable rate of interest and under 
suitable control. The next step, one hoped, would be the utilisation of banks. 
A bank had been established in Mysore and attempts were being made to establish 
banks in other parts of India, but the results up to the present were far from 
satisfactory. 

He was glad to see present Sir Ernest Low, who did, in the Central Provinces, 
the work that Sir Alfred Chatterton was doing in Madras. As a member of the 
Industrial Commission Sir Ernest had the opportunity of travelling all over India 
and seeing the industrial conditions. He also welcomed Commissioner Booth- 
Tucker, who, for the Salvation Army, had ca^ed on work in India, not only with 
an industrial end in view, but for social betterment. 


Sir Ernest Low, K.C.I.E., said that it had been a great pleasure to listen to 
Sir Alfred Chatterton's paper. He thought the first time he made his acquaintance 
was at the Allahabad Exhibition in 1911. and the conversations he had with Mr. 
Chatterton (as he then was) at that time convinced him that he had in him the 
root of the matter in respe<^ to industrial developments in India—a subject with 
which he (the speaker) at that period, like many other officials and private persona 
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in India, was deeply interested. He felt that here at any rate there emerged amid 
the cloud of ink and talk which had hitherto been the only contributions to the 
solution of the question some definite ideas which could be followed up to give 
practical results, and from that time he was and professed himself a follower of 
Mr. Chatterton's ideas and a personal admirer of his work. 

He had the pleasure of being associated with him, and with the Chairman of 
that afternoon, in the report of the Industrial Commission and its preliminary 
inquiries ; he put the report before the inquiries because to some extent it was not 
so dependent on what the witnesses said as might be imagined. The long hours 
which Sir Thomas Holland, Sir Alfred Chatterton, and himself spent in a certain 
small room in Simla occupied in figures and occasionally in warm discussions 
over questions of policy and drafting, would always remain in his mind and 
{probably in the minds of the others. It was a relief occasionally to have the 
discussions temporarily in abeyance owing to the resounding hail on the tin roof. 

What Sir Alfred Chatterton had been saying about Mysore filled him '^ith 
admiration and also with a good deal of regret. As he had said, the proposals 
of the Industrial Commission had been so largely rendered ineffective by the 
Reform* scheme that it was, bethought, fair to say that there was no definite policy 
before either the Central or the Provincial Governments at the present moment. 
There was a lack either of a policy or of driving power to carry it out, or of the 
mechanism through which that driving power must work. It was a source of great 
regret to him personally, and, he had no doubt, to many other people who had 
had much more to do with the matter than he had, that they had to turn over to 
the new democratic regime such an uncommonly poor showing in the matter of an 
industrial policy. Their predecessors had laid successfully the foundations of an 
agricultural policy which would continue to be followed, he believed, with increasing 
success. As Sir Alfred Chatterton had been saying, in India agriculture must come 
first, and he might just mention one fact from the Industrial Commission’s report 
which would show how much remained to be done and what great advantages 
would come from an agricultural policy in the widest sense. Before the war, 
according to a very interesting paper by Middleton, of the English Ministry of 
Agriculture, the average British worker employed on land dealt with, speaking 
from memory, some 17 acres. Inquiries made by the Industrial Commission 
showed that the individual employed on land in India dealt with about 2J acres. 
When one took into account the difference in yield of an acre in India and an 
acre in England, it would be evident that the average British worker on the land 
produced just about thirty times as much as the average worker on the land in 
India. The paper in question went on to compare the output of the English 
worker with that of the German worker on the land, much to the disadvantage 
of the former, so it could be imagined what sort of showing the Indian worker on 
the land would make compared with the German worker. 

But from a national point of view a proper industrial equipment was a prime 
lequirement for national*self-respect and national self-development. It was the 
lack of this that made him regret so much that the Indian Government had failed to 
develop the policy and put it into effect before the coming of the Reforms scheme. 
Some day, when attention was turned aside from the spinning-wheel and the 
ballot box, to the lathe and the foundry, India might perhaps try to work out her 
own industrial salvation, and he was sure she would demand from those of them 
who were in India before an account of their stewardship, which he was afraid 
they must admit had been an unprofitable one. 

There was not much left now that the Central Government could do in the 
way of encouraging industries. The i>rincipal lines it: could follow were, •of 
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course, tariffs and subsidies, about which he had nothing to say, and the 
development of banking. As the Chairman had just remarked, this was a factor 
of enormous importance in the development of the industrial organisation of India. 
The first step taken towards banking was by Sir William Meyer when he was 
Finance Member. As the Government, was very hard up for rupees at that time. 
Sir William Meyer got the local banks to induce the ryots in Eastern Bengal and 
elsewhere to accept notes instead of silver. That was the first step to popularising 
banking amongst the ignorant and suspicious peasantry. The extension of 
branches by the Imperial Bank of India was in the same direction, and that, he 
thought, al^ owed its origin to Sir William Meyer. With the development of banks, 
capital would be rendered fluid, confidence would be created in joint stock concerns, 
and the sense of economic solidarity in the country would be increased. 

He could have wished that Sir Alfred Chatterton had not stuck quite so closely 
to his brief, and had told them whether the Mysore Bank had had any effects in 
that direction, whether it had tried to popularise banking among the better-to-do 
villagers or had stuck to ordinary commercial transactions. Another great problem 
in Indian industries which arose indirectly out of something in Sir Alfred 
Chatterton’s paper was the question of the efficiency of factory labour. He would 
like to know whether factory labour in Mysore among relatively pleasant 
surroundings was more permanent than in the great industrial centres in India. It 
was very necessary that factory labour should become more permanent, and that 
could only come about by better surroundings and a more comfortable life for 
the factory hand, both inside and outside the factory. 

Commissioner F. St. G. Booth-Tucker (The Salvation Army) said that it had 
been a great pleasure to him on that occasion to hear two old friends of his Indian 
days, and he thought the account which Sir Alfred Chatterton had given of what 
had been done was simply marvellous. He remembered Sir Alfred Chatterton as 
a man possessed of an immense store of energy ; things simply had to go when he 
took them in hand, and he did not know anyone else who had accomplished so 
much for the good of India. No reference had been made to the village banks. 
The speaker did not know whether these were properly included in the banking 
system, but he thought the village co-operative banks were a great success the last 
he knew of them, and they filled a great need. He found very little difficulty 
in getting the villagers to take part in them. The Salvation Army had a few 
liUle village banks of its own, but the first great need was for a central bank to 
lend to the village banks. One great advantage in India with banking was that 
the debtor was so absolutely honest that he not only paid his own debts but his 
father's and his brother's and sister's debts, and all his relation's debts. Just 
as an illustration, he might mention that there was a small village community^ 
very poor—for the Salavation Army did not deal with villagers who were well off, 
but with the very poorest, what might be called the riff-raff, who had no capital— 
who came to them saying that they desired to purchase a field which was offered 
for 500 rupees, and that if the money were: lent to them they would repay it in 
two harvests. The money was lent and in two harvests it was repaid. Then 
they said that they wanted to build new houses, for which they desired a loan of 
700 rupees, and this they would repay also in two harvests. And they did repay it 
in two harvests. In another instance a colony of two thousand people was settled 
in North India. The Government would not give them land, but the Government 
would give the Salvation Army land to sell to them. The people who were placed 
on the land were carefully selected, and that colony had been established for 
twelve years. There had not been a single default. Everybody had paid up 
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' absolutely to time, and* indeed they were one year ahead with their payments. 
The Salvation Army said to the people : “ The Government will sell us-*-they will 
not give us any land, but they will sell us 2,000 acres; come and look at it." They 
went and looked at it with the eye of the farmer, and they said : *' It will not do 
at all. It is not good enough." It was pointed out to them that ^e land was 
fairly cheaper 50 rupees an acre—^but they said that they would rather pay 500 
rupees and have good land. Ultimately, some other land—^good land—^was 
secured at 240 rupees an acre. Thirty years were given for the people to pay, 
and there were no defaulters. The Government benefited, because the value of 
the land all-round came to be 500* or 600 rupees an acre. 

The speaker went on to say that he felt there were two faults in administration. 
British administration in India was the most admirable in the world, but there 
I were two serious faults. One was the system of education. With a 90 per cent, 
^agricultural population the people were not given the education most fitted for 
their probable pursuit. When the children in schools were asked what they ^ere 
going to do on leaving school, hands were held up, and the general answer was 
" Government service." This defect shpuld certainly be remedied. A technical 
system of education was badly needed. Then there was one other suggestion he 
would make. Ninety per cent, of the population were villagers. Not sufficient 
attention was'paid to them. He would like to see an association formed, with 
Her Majesty the Queen Empress at the head of it, for the special benefit of the 
290 million villagers, to see that the villagers were supplied with agricultural 
information and implements ; to encourage every kind of social well-being ; to 
organise the distribution of reading matter and so forth ; also means for cottage 
industries. He thought that India was superlatively suited for the silk industry, 
and the same cultivation might be done in India as was done in French Indo¬ 
china. In these two respects—^the care of the villager and the stimulation 
of cottage industries-r-niuch might still be done. The villager should be made 
to feel that he was part and parcel of the British Empire. It would be a very 
great thing if Her Majesty were the head of this movement, the Vicereine, her 
lieutenant in India, and the wives of all the officials and of the Maharajas 
being members. It would not be necessary to rai.^-e a shilling outu.e India. 
The country districts were not poverty-stricken. Nearly very village had its 
''malaba ” or charity fund. Ani in every district there were rich Indians, who 
wojld like to feel t lat their gifts were for th^ beiefit of their owt district. The 
Indian would feel that money was being spent in his own local interest and on 
things which would prove, in the long run, very valuable. Quite wondeHul 
results might come about for India along these lines. 

Mr. a. Yusuf Ali, C.B.E., I.C.S. retd., said that quite recently he was asked by a 
publicist in India what was the most urgent question to raise in the Assembly. 
He replied privately—^what he had since written in public—that amongst the 
most urgent questions requiring the attention of the members of the Legislative 
Assembly were the industrial questions, and that the most useful material for the 
discussion of industrial questions was contained in the report of the Industrial 
Commission over which Sir Thomas Holland presided. Sir Thomas Holland, 
Sir Alfred Chatterton, and Sir Ernest Low were all three members of the Industrial 
Commission, and they, naturally, did not care to speak of it in the same terms in 
which he, an outsider, could frankly speak. In his opinion the report of 
'the Industrial Commission ought to be studied, re-studied and acted upon. It 
was* a matter of extreme regret that, after so much energy had been expended on 
it by men of great brain power, practical experience and administrative ability, so 
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little had been done to carry out its proposalsj )'He thought an earnest student 
of every aspect of the Indian problem would derive the greatest benefit and 
inspiration from the work of that Commission. The Report not only discussed the 
^eat problems of Indian industries, but put them in the right perspective, because 
the greatest industry of all was agriculture. It was not only true that ultimately 
overy industry must depend on agriculture, but no industrial advance was possible 
unless it was linked up with a more efficient S3rstem of agriculture than was found 
in India at the present day. The two things dovetailed into each other. It was 
impossible to make any sustained progress in industry unless the great agricultural 
industry was tackled with the latest resources of science and in the light of the 
universal principles of economics, of which he put in the forefront the 
principle of avoiding all waste. It had already been pointed out that there 
was a great deal of waste in Indian agriculture. There was also a great deal of 
lack of organisation, and because of that many industrial schemes failed. The 
•only way in which the industrial problem could be tackled was by industrialising 
agriculture. Good agricultural machinery was required ; the villager should be 
helped to an understanding of bigger questions so that he should be made to feel 
that he was something more than a villager. For that purpose he must use quite 
simple agricultural machinery, and understand how one village was linked with 
another, and how the villages together were linked with something more central; 
just as happened in the case of co-operative banks. No co-operative rural bank 
was successful unless it had the help of the central banks, and even the latter suffered 
very much in their operations because there was not a great properly-managed 
land bank or industrial bank in India. The Tata scheme for an industrial bank 
had almost been a failure, not because an industrial bank was not required, but 
because the organisation necessary to link up the ultimate unit, namely, the 
village and the villager, had not been created. He would, therefore, very strongly 
•emphasise the point that agriculture and industries must go side by side and develop 
on parallel lines, and that any very ambitious schemes of industrial development 
were foredoomed to failure unless they included the industrialisation of eigriculture. 
Another question dealt with in the Report of the Industrial Commission related to 
education. He would not go quite so far as to condemn modem Indian education 
altogether, but, as was pointed out in the Report, the vitalising factor in education 
in India, namely, education of the artisan, was wanting. The most skilled 
scientists might be imported to perform research work, but all that work at the top, 
combined with all the work in village schools, would lead to a complete stultification 
of Indian arts and industries unless an educated working man was produced. 
For instance, taking the cotton industry in Bombay, there was an absence of 
foremen, who should be in touch with the lowest ranks of labour on the one side 
and the highest ranks of industrial India on the other. No doubt the great problem 
of education in India was to create that central link of secondary education. The 
third point he wished to put forward was the use of power. As the author had 
stated, Mysore was in the happy position of having a very fine hydro-electric 
scheme sufficiently big for present needs. If there was no coal in that State 
that was a condition that applied also to a large part of India. If the hydro¬ 
electric power in Mysore could be extended and utilised for cottage and village 
industries, not only would the industrial question in India be solved, but also the 
very much wider question of how to make the industrial life consistent with the 
greater ideas that now existed of clean and healthy village and rural life. In that 
respect Mysore had a tremendous advantage. When he visited Mysore he was 
struck with the cheapness of the electric current. He thought Mysore was the 
only town in India in which almost the. poorest people had electricity in their 
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houses ; and if Mysore continued to produce electric power at the same cheap rate 
he looked forward to a time when the whole of the Mysore State would be dotted 
over with scattered cottage industries which would help to build up a proper 
industrial system in the State. During the time he was Member of Council for the 
Industrial Department in Hyderabad, he felt that ambitious schemes requiring 
large expenditure of capital, in the conditions which existed of want of economic 
confidence, were a little premature; but that the stimulus given to all small 
industries by means of improved looms, 6r improved electric hand mills for the 
grinding of corn, or any machinery which would help to increase to produce and 
yet not take people too far away from their villages, would be a great boon and 
actually practicable in the present state of India. Those were the directions in 

I hich not only Mysore but every Province of the whole of India ought to be moving ; 

id if self-government in India was to be a reality instead of merely a matter of 
paper and wordy warfare, it could only come by building up a sound economic 
system in every part, so that all classes of the people could help in building up tfic 
new India—^the self-supporting India and the happy and contented India. 


Mr. W. G. Whiffen thought there could be no doubt that the cause of unrest 
in India was largely due to the lack of occupation requiring intelligence. The 
author had indicated many sources of wealth which should be exploited and had 
shown how the work was hampered by want of capital, by mismanagement and by 
lack of co-operation. Co-operation was essential, not only in banking circles but 
among the people of the villages. The author had pointed out the great need for 
industrial enterprise which would give employment to the people. He had been 
deeply impressed by the history the author had given of the Mysore State and 
its development during the last 50 and more years, especially the last 25 years^ 
The development of the railway service, the roads and the magnificent hydro¬ 
electric power station were great achievements. The price at which electricity 
was produced and distributed in Mysore and Bangalore was extraordinarily low 
compared with prices ruling in London. The plant worked by the head of water 
above the Cauvery Dam must be an extraordinarily fine producing plant from the 
point of view of electricity. It was almost common knowledge that a good part 
of the gold mines in Kolar could not be worked unless they had the advantage of 
cheap electricity supply and cheap power. The textile industries would certainly 
grow in Mysore for very much the same reason, namely, because cheap power and 
cheap water were available. The subject on which he was more qualified to speak 
than any other was that of the work of the Indian Institute of Science which had 
been established in Bangalore. In 1915 he was visited by Dr. Sudborough, representing 
that Institute, who put before him the desirability of several developments, more 
.especially in regard to the development of the industry of the manufacture of 
essential oils in India. Dr. Sudborough made his case so clear that, as a distiller of 
essential oils, and his firm having been distillers for the last three or four generations^ 
he (^. Whiffen) saw at once there was/an enormous advantage in the proposition 
for distilling the wood in Mysore, exporting the oil, instead of sending the heavy wood 
to England, Europe and America. As there were only about six lbs. of oil in 100 lbs. 
of wood the saving in transport was self-evident. At that time he did not know 
what was the driving force behind that young industry, as he had not had the 
pleasure of meeting the author. By August, 1916, a year after he met Dr. Sudborough, 
oil of excellent quality was being produced and sent to London. That was done 
in times of war, when the transit problem was a very difficult one and freights 
were hard .to obtain. It was, therefore, an extraordinary achievement that a 
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factory should have been erected and equipped and oil distilled and put on the 
European market within i6 or i8 months of its inception. In 1916, in addition 
to the sales of oil that were made in India, over two tons of oil were sold in this 
country; while in 1917 the figure had risen to 13 tons, in 1918 to 23 tons, and in 
1919 to 63 tons of distilled oil. When it was borne in mind that the value of the 
oil ranged from 35/- to 50/- per lb., it was evident that it represented a very 
important industry. He was aware that there was a good deal of difficulty with, 
regard to labour in India, but as compared with English labour it cost much less 
and there was no doubt that al .)nc represented a great advantage. There had been a 
tendency during the last two years for European and other countries to put up 
tariffs against manufactured articles ; but if care was exercised there was no reason 
why the sandal-wood oil industry should not be sufficiently strong to stand on its 
own merits, and not be much interfered with by an increase of import tariffs. 
London was practically a free port for such goods as could not be manufactured 
in the country, and for that reason it was an excellent centre for the distribution 
of essential oils and many other products that Mysore might be able to send to 
this country. All intelligent people in England hoped that the happiness of the 
people of India might be increased ; and to that end he had no hesitation in stating 
that happy employment in their villages and their towns, under suitable conditions 
was about the best thing that could be done for them. 

Dr. Arthur Haydon said that after perusing the paper he had come to the 
conclusion that too much time was spent in educating Indians to become members 
of the Government Service. He would like to know who controlled the educational 
policy of Mysore—whether it was controlled centrally or locally. At one time the 
policy was adopted in China that the people were trained in all sorts of old Chinese 
poetry ; but that system was given up many years ago. The Chinese w’^ere now 
trained on very broad lines, and the general policy was that all Chinese who intended 
to enter Government Service must travel in foreign countries. It seemed to him 
that if a new policy were adopted wdth regard to the education of the natives of 
India it might be a great advantage. 

Sir Alfred Chatterton, in reply, after thanking the various speakers for 
the kind way in which they had referred to his work in Mysore and other parts 
of India, said that Sir Ernest Low asked for particulars in regard to the conditions 
of labour in Mysore. Most of the labour employed in the mills of Mysore was 
imported from less favoured parts of India, and when the people got to Bangalore 
and Mysore they generally stayed there. Sufficient care was not always taken, 
however, in the selection of the sites of the factories. The site selected for one of 
the cotton mills recently erected in the neighbourhood of Mysore was malarious, 
and as a consequence much trouble wcis experienced, due to the fact that the 
coolies did not work regularly. *Hc was sure all present were glad that Com¬ 
missioner Booth Tucker had attended the meeting, and that he was still taking 
an interest, as he had done for so many years,. in matters connected with India, 
especially in the development of the silk industry in Mysore, which he had 
attempted to foster through the agency of the silk farm near Bangalore, originally 
started by the late Mr. J. N. Tata and handed over many years ago to the Salvation 
Army. The chief difficulty to be faced in extending silk cultivation in Mysore 
was to get sufficient food for the worms. 

There were already 30,000 to 40,000 acres under mulberries. In Mysore the 
mulberry was a shrub which needed irrigation to produce a succession of crops 
of leaves to feed poly-voltine worms. The ultimate 3deld of sifle was roughly 
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proportional to the quantity of food supplied to the worms, and whether the silk 
culture should be on a mono or a poly-voltine basis was determined by the number 
of flushes of leaves which could be obtained in a year. In Mysore the extension 
of the silk industry was simply a question of substituting mulberries in place of 
food crops, and that ultimately was decided by economic considerations. 

' Mr. Yusuf Ali had referred to the Tata Industrial Bank, and had ascribed its 
limited success to the fact that no organisation had been created to link it up 
with the village and the villager. As a matter of fact, the Bank had been started 
to finance the industries of India, and not to compete with or assist the Co-operative 
Credit Open Banks, and its lack of'success was due to the discovery that ample 
facilities for the financing of sound industrial undertakings already existed in 
India. The cry for industrial banks in India came from people who were in¬ 
adequately equipped to carry on industries, and who were in consequence refused 
financial assistance by the existing banks and by the houses of agency. It had 
been his duty to examine many such applications, and almost invariably hef had 
to recommend that they should be rejected, either because the projects were un¬ 
sound or the promoters were lacking the necessary experience to carry them out. 
They had seldom any security to offer and their schemes were hopeless propositions 
from a business point of view. 

Dr. Haydon had asked for information as to who controlled the educational 
policy of the State. Ultimately it was the Maharaja, but the Government was 
normally carried on by the Dewan and two or three Councillors. Lately the 
Legislative Assembly had been developed to bring it more or less into line with 
similar legislative bodies in British India. The educational policy dated back 
to the days of the Commission, and was practically the same as that of the Madras 
Presidency since the Mysore Colleges were affiliated to the Madras University. 
As stated in the paper, a few years ago Mysore established its own University, 
and a unique opportunity had then presented itself to establish a better system 
of education, but the Government had not availed themselves of it. The position,, 
however, was improved to this extent, that they were now free to do what they 
liked, and at any time they could introduce reforms if such were considered 
desirable. Personally he thought that the expenditure on education in Mysore was 
utterly disproportionate to the expenditure on industrial development, and that 
the State would be faced in a very aggravated degree at no very distant date with 
the problems arising from an unemployed and discontented literati. 

On the motion of the Chairman, a vote of thanks was unanimously accorded 
to Sir Alfred Chatterton for his paper. 


OBITUARY. 


Sir Steuart Colvin Bayley, G.C.S.I., C.I.E.—Among the many prominent 
Fellows whose loss the Royal Society of Arts has recently deplored, few will be 
more sincerely regretted by those who knew him, whether as a colleague or as a 
personal friend, than Sir Steuart Colvin Bayley, who died in London on the 5th 
June, at the ripe age of 88 years. He came of a Manchester family, which has 
long been connected with India, being the youngest son of William Butterworth 
Bayley, who landed in Calcutta in 1799, and had a distinguished career 
in the Honourable East India Company's Civil Service, in the course of which, 
being then the senior member of the Governor-General's Council, lie officiated 
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as Govemor^General from March to July, 1828, and held office as a Director 
of the Company until the assumption by the Crown of the direct government of 
India. 

Steuart Bayley, who was educated at Eton and Hailey bury, entered the Bengal 
Civil Service the year before the Mutiny. He was posted to Bengal, where he 
was selected in 1873, at an exceptionally early age, for the important office of 
Commissioner of the Patna Division. In this capacity, during the Lieutenant- 
Governorship of Sir Richard Temple, he had to cope with the Bihar famine, his 
successful handling of which was recognised by the conferment on him of the 
C.S.I. and led shortly afterwards to liis appointment as Personal Assistant to 
Lord L)rtton, when this distinguished Viceroy proceeded to Southern India during 
the famine which devastated the Madras Presidency in 1877-8. In May, 1878, he 
received the K.C.S.I., and in June was appointed to the Chief Commissioncrship 
pf Assam. This province he administered for three years, diring six months 
of which he officiated, in addition to his own duties, as Lieutenant-Governor 
of Bengal owing to the deputation in 1879 of Sir Ashley Eden as President of the 
Army Commission. In 1881 he was transferred to Hyderabad as Resident at the 
Court of His Highness the Nizam, and in the following year was appointed Home 
Member of the Governor-General's Council. During his tenure of this office it 
fell to his lot to take a large share in dealing with the anxious and troublesome 
situation created by the introduction and subsequent passage in a modified form 
of the Ilbert Bill. In April, 1907', he was selected by Lord Dufferin to succeed 
Sir Rivers Thompson as Lieutenant-Governor of Bengal. In the words of the 
writer of the obituary notice which appeared in the Times of the 6th June, “ Bayley 
kept a careful eye on the progress and development of the great province, which 
he furthered on the lines adopted by his eminent predecessor. Sir Ashley Eden. 
He did much to calm the racial feeling which had been aroused by the policy of 
Lord Ripon, more particularly by tlie Ilbert Bill. Bayley was well suited to the 
role of conciliator, for he combined breadth of view and progressive sympathies 
with a characteristic which Kaye, the historian, attributes to his father—‘his 
unfailing kindness of heart and suavity of manner endeared him to all who had the 
privilege of coming within the reach of their genial influence.' Sir Steuart was 
well described by his intimate friend. Sir George Birdwood, as ' this truly kingly 
man’.*’ 

In 1890 he left India for good, having been appointed Political Secretary to 
the Secretary of State for India, and five years later he became a Member of the 
Council of India, which office he held for the full period of ten years. He was pro¬ 
moted to the G.C.S.I. in 1911. 

Sir Steuart Colvin Bayley joined the Society in 1891. In that year he made 
his first appearance here, presiding at a meeting when a paper on “ Indian Village 
Communities " was read by Mr. B. H. Baden-Powell. Thenceforward he was 
a very regular attendant at meetings of the Society, taking tlie chair on many 
occasions, and very frequently speaking in the discussions. In 1893 he was elected 
a member of the Council, and he continued to serve on it, with the brief necessary 
intervals, until 1921, when he resigned on the ground of age. In 1911 he was 
nominat^ by H.R.H. the President a Vice-President of the Society, in recognition 
of the services which he had rendered to it. He was Chairman of the Indian Section 
Committee from 1896 to 1903, and from 1906-8 he was Chainpan of the Councilr 
In th-jft capacity he delivered two addresses: the first was devoted mainly to the 
work of the Indian Section, with some interesting suggestions as ta the pebble 
lines on which it might be developed; the second, entitled “ Lord Clive and his 
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Part in the Foundation of the Indian Enfpire/’ was a brilliant account of possibly 
the most stirring and romantic period in the history of the British Empire. Clive, 
as Sir Steuart mentioned, was a member of the Society, and was one of tl\p few 
Commoners (William Pitt being another) who undertook to contribute an annual 
subscription of five guineas. The first wife of Sir Steuart's great grandfather 
was a sister of Clive’s mother, and for seven or eight years, from the age of three, 
the lad was entirely brought up by this ancestor. It is from letters of his that 
most of the glimpses we have of Clive's early boyhood are derived. The date on 
which Sir Steuart’s address was delivered (1907) was particularly appropriate, 
because it was the 150th anniversary of the Battle of Plassey. 

Sir Steuart took a very warm interest in the work of the Society. He seldom 
missed a meeting of the Council, where his great experience, ripe wisdom, and 
lovable nature won him the respect and affection of his colleagues. Of him it may 
truly be said that he lived up to the motto of his family, Quicquid agas age 
pro viribus. 


NOTES ON BOOKS. 

New Reduction Methods in Volumetric. Analysis. By Edmund Knecht, 

Ph.D., M.Sc.Tech., F.I.C., and Eva Hibbert, M.Sc.Tech. Second Edition. 

London : Longmans, (ireen and Co. 8s. 6d. net. 

Despite the rather wider imj Hcation of its title, this valuable monograph is 
essentially a study of the potentialities of titanous chloride as a quantitative reducing 
agent. On this subject the authors, espe;pially Dr. Knecht, have published numerous 
investigations in the last twenty years, and it may be taken that they have estab¬ 
lished beyond all doubt the value of the method for many purposes. The question 
of expense would probably need consideration, though the authors consider that the 
price of the 20% solution now obtainable renders it available for commercial or 
scientific work. 

It could not be expected that a r^ucing ag^nt, sufficiently powerful to carry out 
the great number of reactions here described, would be stable in the presence of air, 
and so we find that the burette must be supplied from a stock-bottle in which an 
atmosphere of hydrogen is maintained. The resulting complication, however, 
is not very much greater than that encountered in baryta titrations. 

More than one indicator is available, in addition to the electrometric method, 
which will presumably grow in popularity as more, workers become accustomed 
to the technique, though the present authors merely refer to the paper in which 
its application is described. 

The number of useful reactions is large. Seven of the common metals can be 
estimated, in addition to tungsten, molybdenum and vanadium ; also a number of 
salts and other inorganic substances of an oxidising nature, while of course other 
reducing agents can iii many cases be determined by back-titration. The organic 
estimations also are very important; tlie substances including nitro-, nitroso-, and 
diazo-compounds, osazones, sugars (bjr several indirect methods), and quinones, 
in addition to numerous dye-stuffs. 

In the present edition the subject-matter has been to a considerable extent re¬ 
arranged, though, several inconveniences are still presented. After the general 
character of each estimation has been discussed in turn, the whole series is 
recommenced, the pxact analytical procedure being now set forth; The result 
is that the information relating to any particular estimation has always to be sought 
in two different secHons of the book. Errata seem to have been not quite com¬ 
pletely eliminated ; vide p. 15, where the quantitative result of the methylene Uue 
estimation of potassium bichromate is given twice over in rather baffling fasHion. 
All workers who make use of the book will be grateful for the bibliography. 



JOURNAL OF THE 
ROYAL SOCIETY OF ARTS 

_ No. 3789. __ - VOL. LXXIIl. 

FRIDA y. y 1025/ 


All communications for the Society should be addressed to the Secretary, john Street, 

Adelphi, W.C. (2.) 

NOTICE. 


VISIT TO CROYDON AERODROME. 

At the invitation of the Air Ministry two parties of Fellows of the Society 
visited the Croydon Aerodrome on the afternoons of Thursday, June 25th, and 
Friday, June 26th. Arrangements for showing the Fellows over the various 
parts of special interest were made by Lieut.-Colonel F. C. Shelmerdino and 
subsequently the visitors were entertained at tea. 


PROCEEDINGS OF THE SOCIETY. 


ANNUAL GENERAL MEETING. 

The One Hundred and Seventy-first Annual General Meeting for the purpose 
of receiving the Report of the Council, and the Treasurers' Statement of 
Receipts and Payments during the past year, and also for the Election of Officers 
and New Fellows, was held in accordance with the By-I-^ws on Wednesday, 
June 24th, at 4 p.m. Sir Charles S. Bayley, G.C.I.E., K.C.S.I., in the Chair. 

The Secretary read the notice convening the meeting, and the Minutes 
of the last Annual General Meeting, held on June 25th, 1924. 

The follo\vdng candidates were proposed, balloted for, and duly elected 
Fellows of the Society:— 

Bhajiwalla, Hormusji Jehangirji, Bombay, India. 

Bhajiwalla, Edy Jehangirji, Bombay, India. 

Binns, Herbert, Keighley, Yorhs. 

Brinton, Selwyn, M.A., Southwick, Sussex. 

Burnham, The Right Hon. Viscount, C. H., London. 

Camp, Lee G., M.Am.Soc.M.E., Havana, Cuba. 

Castellani, Aldo, C.M.G., M.D., F.R.C.P., London. 

Cniickshank, William Shaw, Shanghai, China. 

Dale, Fredrick Hallard, Bhopal, Central India. 
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Dalton, John, Harrow Weald, Middlesex. 

Dave, S. S., Raigarh, India. 

de la Macorra, Jos6, Junr., Mexico City. 

Dock, Herman, Guadalajara, Mexico. 

Gresswell, Ronald Kay, Southport, Lancs. 

Guthrie, David Leslie, I.ondon. 

Hartman, Dr. H., New York City. U.S.A. 

Herr, Miss Helena, M.B.E., Chislehuist, Kent. 

Kennedy, A. M, Montgomery, Alabama, U.S.A. 

Kirby, John F. Campbell, Assoc.M.Tnst.C.E., Kiitch, Bombay, India 

Lane, Eric William, King's Langley, Herts. 

Langler, Alfred, Perth, Western Australia. 

Mistry, Munchershaw Pherozshaw, Bombay, India. 

Mitchell, Lieut.-Colonel Archibald Maclaine, D.S.O., Edinburgh. 

Morse, Mrs. Virgil D., Ithaca, New York, LT.S.A. 

Mosely, Miss Kathleen. London. 

Noble, William Arthur, F.C.S., West Hartlepool. 

Nordin, John A., Finspong, Sweden. 

Oppermann, Fred M., Holisov u Stoda, Czecho-Slovakia. 

Overbeck, Otto, F.C.S., Grimsby. 

Pitman, Isaac James, Bath. 

Rajagcpalan, T. R., Madras, India. 

Rice, Sidney A. S., London. 

Sachdev, Dr. Ganesh Das, I^ondon. 

Saini, Ralla Ram, Jammu, Kashmir, India. 

Seymour-Hall, Charles Cyril William. London. 

Shaw, Arthur H., M.I.E.E.. M.I.Mech.E., Ilford. Essex. 

Stanton, Albert Lennox, Bombay, India. 

Thornton, Numer, Thornaby-oii-Tces. 

Timson, Ernest Arthur, Kettering, Northants. 

Upasena, Esapala, London. 

The Chairman appointed Mr. R. Ji-Ababrelton and Mr. Byron Brknan, 
C.M.G., scrutineers and declared the ballot open. 

The Secretary then read the following 

REPORT OF COUNCIL. 

I, —Ordinary Meetings. 

Since the last Annual Report was published Senatore Marconi has delivered 
two addresses before the Society. On July 2ud, 1924, he read a paper entitled 
" Results obtained over very long Distances by Short Wave Directional Wireless 
Telegraphy, work generally referred to as the Beam System.'' As long ago as 
1899 Senatore Marconi showed that it was possible, by means of short waves 
and reflectors, to project the rays in a beam in one direction only. About 
1916 he came to the conclusion that we had got into a rut by confining re¬ 
searches to long waves, and he de<^ided to return to the investigation of short 
wave telegraphy. The paper summarised the results of this work, which were 
so successful that on May 30th, 1924, intelligible speech was transmitted for 
the first time in history from England to Australia. The advantages of the 



July 8, 1926, 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


750 


beam system are various : the capital cost of the stations is greatly lowered, and 
a much smaller amount of power is required, so that it should be possible to 
make a substantial reduction in telegraphic rates; as only stations within a 
certain angle of the beam can receive messages, a comparative privacy of 
communication is secured, which may be of the greatest value in time of war, 
and the rate of transmission is far greater than with the high-power long-wave 
system. 

Owing to absence abroad Senatore Marconi,'who had been elected Chairman 
of the Council, was unable to deliver the inaugural address at the opening 
of the Session. A special meeting was, however, held on December nth, 
when the Chairman sjxjke on “ Radio Communications.** Since reading his 
paper in July, Senatore Marconi had been continuously engaged in further 
prosecuting the investigations then described, and he told of the progress that 
had been made right up to the night preceding the delivery of his address. 
During these five months very considerable advances had been made, and the 
results seemed amply to justify the opinion that Beam Stations employing a 
comparatively small amount of power and much lower and smaller masts would 
soon be able to communicate at practically any hour of the day or night with 
any part of the Empire. 

As long ago as 1863, Colonel R. E. Crompton built a steam-driven motor car 
and had it running on the road. He was, therefore, probably better qualified 
than anyone else to read a paper on “ The Motor Car: its Birth, its Present, 
and its Future.** He was disposed to assign a very great deal of the credit for 
the development of the motor car to R. W. Thomson, of Edinburgh, who was 
mainly instrumental in suggesting the use of rubber tyres. Colonel Crompton 
worked for some time in very close co-operation with Thomson, and realised 
to what an extent the early improvements of the car were due to this pioneer. 
He had a great many interesting things to tell of his first experiences with 
motor cars both in England and in India, in which latter country he did good 
service to the Indian Army by his early experiments in mechanical transport. 

Mr. Llewelyn B. Atkinson has for many years made a careful study of the 
various problems connected with artificial incubation, and the results of his 
observations were given in his full and exhaustive paper, ** The Scientific 
Principles of Artificial Incubation.** The main lesson which he had learnt was 
to copy the hen as closely as possible, and he.had found that his hatches came 
off most successfully when actual contact was applied to the upper surface of 
the egg in the same way as a hen transmits heat to it. This was achieved by 
placing a very thin sheet of india-rubber upon the top of the eggs. There seems 
to be no doubt that healthy variety of temperature increases the metabolism 
in the embryo chick in the egg, and optimum results were obtained when the 
upper surface of the egg was kept at a distinctly higher temperature than the 
lower surface. 

It has been customary, in teaching science, to divide it up into watertight 
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compartments—e.g., Chemistry. Botany, Geology, and Physics (which again is 
subdivided into heat, light, sound, magnetism, electricity, etc.). The tendency 
of this practice is to make the sciences seem, especially to young pupils, dry, 
academic and remote from the world about us. Professor C. A. Canis-Wilson, 
in his paper, The Teaching of Science in Secondary Schools," pleaded that 
a central theme should be taken round which all the branches of science might 
be grouped, and he suggested that this subject should be called " The Proper¬ 
ties and Uses of Materials." He suggested that the science teacher should 
begin by explaining the nature of objects in common use; e.g., he might 
examine various kinds of wood, and make experiments to demonstrate their 
proj)erties, density, elasticity, toughness and strength. Sections with and across 
the grain should be shown, to illustrate the manner in which trees grow. 
Similarly other substances should be examined, such as rubber, cork, ivory, 
amber, leather, etc., and when solids have been dealt with, liquids and gases 
might be similarly treated. 

Mr. C. F. Elwell gave a remarkably interesting display of " Talking Motion 
Pictures." By the aid of Dr. Lee de Forest's three-electrode valve it has been 
made possible to photograph sounds synchronously with the. persons emitting 
them. Sound waves are transformed into electric currents, electric currents 
into light, and this is recorded on the sensitised celluloid film. The problem 
of securing perfect synchronisation has thus been solved. ^It was generally 
agreed that at present the weak link in the chain is the loud speaker, which 
certainly is not very successful in transmitting certain sounds; but when this 
part has been improved, it seems impo^ible to doubt that there will be a very 
big future for talking films. 

Colombia, a country of some 450,000 square miles, with sea ports on both 
the Atlantic and the Pacific Oceans, is a region of immense potential wealth. 
Mr. Norman Thomson, in his paper, " Colombia as a Field for Development," 
outlined these possibilities. Among her principal crops are coffee, cacao, 
coconut, cotton, tobacco, bananas and maize, while some ten million head of 
cattle thrive on the pastoral districts. The mineral wealth is also great, and 
includes gold, silver, platinum and coal. All that is wanted to develop these 
resources is capital and means of transport. British capital and British 
engineers have during the past hundred years done much to assist in establish¬ 
ing the prosperity which Colombia now enjoys—at present her money is at 
par with the currency of the United States of America—and Mr. Thomson is 
of opinion that Colombia still offers a vast and lucrative field for British capital 
and enterprise. 

Mrs. Graydon-Stannus, in her paper " Irish Glass, Old and New," gave an. 
extremely interesting account of the growth of the industry in Ireland. By the 
end of the i6th century there was undoubtedly a factory, or " Glass Hotise," 
in Comity Cork, and by about 1630 glass was being made on a large scale in 
Dublin, where the manufacture continued right up to 1896. Other centres 



July 5. ms. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


752 


were Belfast, Drumrea, Newry and, most famous of all, Waterford. The 
characteristics of the various kinds of glass were described by Mrs. Graydon- 
Stannus, and illustrated by some beautiful specimens from her own collection. 
In the second part of the paper she described the glass which she is herself 
making in London, mainly from old Irish recipes. This glass, of which a large 
selection was on view, is very distinctive in character, and as none of the articles 
are standardised, there is a very pleasing variety and individuality about them. 

The London County Hall occupies a site pf about six-and-a-half acres, and 
contains nine storeys. The task of providing electrical equipment for a building 
of this size is very considerable. It was entrusted to Mr. Charles A. Baker, 
Assistant Engineer of the London County Council, who described the details 
of the work in his paper The Electrical Equipment of the London County 
Hall." In the sub-basement is accommodation for a 10,000 volt station, in 
which three simple phase transformers, each of 250 kilowatts capacity, are 
located. Electrical energy is purchased from the London Electric Supply 
Corporation, Ltd., and the Westminster Electric Supply Corporation, Ltd., 
and is furnished by two generating stations, one at Deptford, and the other at 
St. John's Wood. There are over 6,000 lamps in the building, and, besides these, 
a great deal of current is required for the operation of lifts, ventilating fans, 
boiler pumps, refrigerating plant, clocks, etc. Not the least interesting feature 
of the equipment is the automatic telephone exchange. At present there are 
some 640 extensions on this system, and the average number of calls is about 
three thousand a day. 

In the course of an exhaustive paper on" The Diesel Engine in Navigation," 
Sir James Fortescue-Flannery described the general principles of the Diesel 
engine, and in greater, detail the main features of the most important four¬ 
cycle and two-cycle engines. Rapid advances are being made in the number of 
Diesel-propelled sea-going vessels, the figure having risen from 297 in 1914 
to 1,950 in 1924; of ships now under construction, nearly a million tons are 
being built for propulsion by internal combustion engines, whilst slightly over 
a million and a half tons are being built for propulsion by steam. 

The Trueman Wood Lecture was delivered by Sir Ernest Rutherford, who 
chose for his subject " The Stability of the Atom." The discovery of the 
electron was due to Sir J. J. Thomson, but such knowledge as we possess 
regarding the nucleus of the atom is almost entirely due to the work of Sir 
Ernest Rutherford. In the course of a brilliant lecture he described first the 
changes that are bdieved to take place in the outer atom during the absorption 
or emission of energy, and secondly how far these ideas can be applied to 
explain the structure and modes of vibration of the atomic nucleus. This 
nucleus is a world of its own, of whose structure at present very little is known; 
but a number of modes of attack are open to us, aiid it is hoped that by their 
means our knowledge of the subject may be largely increased in the near 
future. 
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In his paper Modem Atmospheric Conditions, with special reference to 
London/' Dr. J. S. Owens gave an exhaustive analysis of the London atmos¬ 
phere and the causes of fog. Public attention has frequently been drawn in 
recent years to the amount of damage done to buildings by the impurity of 
our attposphere. Sir Frank Baines, for instance, in the course of the discussion 
that followed the paper, stated that in one of our great public buildings in 
fourteen years the surface of the Portland stone had gone back over one- 
eighth of an inch. With decay proceeding in this manner all over the Metro¬ 
polis, it is easy to imagine what an enormous amount of damage is being done 
year by year to our buildings, and more especially to those of ancient and 
histpric interest. The damage to human life and health is certainly not less 
important, while certain exhibits from Kew Gardens showed the disastrous 
effects of impure atmosphere upon vegetation. Dr. Owens did not on this 
occasion deal with the remedies for smoke prevention. These, he said, afe 
already well known; what is now wanted is to bring people up to the point of 
determining to make use of these remedies. 

Sir Dugald Clerk, to whom the Society is indebted for numerous papers and 
lectures, in addition to many other invaluable services, read a paper on " The 
Power of Internal Combustion Engines for Motor Cars." The present rating 
of motor cars for the purposes of taxation is based on the well known Royal 
Automobile Club formula, proposed in 1906 by Sir Dugald. At that time, 
owing to the difficulty of obtaining standard mean pressures, standard 
cylinder proportions and piston speeds, he expre^ed the opinion that the accu¬ 
racy of 1906 would be inaccuracy in 1911 and positive error in 1916, and the event 
has justified his prophecy. To diminish the injustices which have arisen in 
the incidence of taxation, Sir Dugald Clerk supported the suggestion of Mr. 
L. H. Pomeroy, who advocates that "in the existing state of design the funda¬ 
mental dimension of a maximum horse-power equation should be the area of 
the inlet valve," and he was of opinion that by some such method it would be 
possible to get a much closer approximation to the power of an engine than 
with any cylinder dimension rule. 

M. Emile Cammaerts in his paper," The Reconstruction of Belgian Towns," 
described the notable achievement of his fellow-coimtrymen in repairing the 
havoc wrought by the war. Out of 100,000 houses destroyed, 95,000 have 
been rebuilt, and if the 12,000 temporary buildings which have been erected 
over the country are taken into account, the number of houses to-day is 
actually larger than it was before the war. In some places the labour of 
reconstruction was enormously increased by the ingenuity of the German 
engineers who had transformed towi^ into mazes of concrete works. In 
Dixmude, for instance, about 65,000 cubic feet of concrete had to be removed 
before the new town could be rebuilt. These results have only been accom¬ 
plished by the spirited devotion of all concerned, from the Ministry in 
chaiige of the works, to the last navvy—a devotion which is evidenced by 
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the fact that, although an eight-hour day had been adopted by the Belgian 
Parliament, the people insisted upon working more than eight hours. 

Mr. Claude H. Friese-Greene gave a striking exhibition of films produced by 
the Friese-Greene process of colour cinematography, and read a paper in which 
he explained his method. The process is a two-colour one, and while it is not 
claimed that it is as successful in reproducing all shades of natural colours as 
some of the three-colour processes, it certainly has. two great advantages over 
them. It is very economical, the cost of a film produced by this method being 
very little more than that of a black and white film, and it can be shown from 
an ordinary cinematograph projector. Many of those who saw the pictures 
exhibited by Mr. Friese-Greene were surprised to find that a two-colour process 
could give results sc close to the colours of Nature. 

Mr. William Nunn, in his position of Adviser to the Siamese Government 
on Customs and Excise, had unrivalled opportunities for studying the trade of 
that little known country, and in his paper," Siam : its Progress and Possibi¬ 
lities,’’ he summarised his experiences. Since the middle of the nineteenth 
century, under a despotic but benevolent monarchy, Siam has been making' 
slow but steady progress in administration and finance,^education, means of 
communication, agriculture and trade. The total trade amounts to £30,100,000, 
of which £13,600,000 represent imports and £16,500,000 exports. Of the 
latter, rice accounts for £13,000,000, tin for £1,700,000, and teak for £560,000. 
In the past twenty years the volume of trade has been more than doubled, 
and, though nothing in the nature of a boom is to be looked for, there is every 
prospect of a continuance of steady progress. In order to develop the com¬ 
mercial possibilities of the coimtry, a good deal of capital is required, and as 
this is not to be found in Siam it must be introduced from outside sources. 

Mr. Cedric Chivers, in his paper on " Bookbinding," explained that, in 
consequence of the deterioration in the quality of paper during recent years, 
the traditional methods of binding had become comparatively ineffective with 
modem books. With the aid of a series of micro-photographs he showed the 
necessity for a drastic change in the treatment of books of to-day by special 
means of sewing, and in some cases by impregnating the paper with a streng¬ 
thening solution before attempting to bind the volume. In dealing with the 
question of materials for binding, he paid a very handsome tribute to the value 
of the Society's Report on ‘‘ Leather for Bookbinding," and then proceeded 
to describe in some detail the qualities of Niger leather. Among many interes¬ 
ting exhibits were several specimens of old and worn-out bindings which were 
preserved and shown to great advantage under a scarcely noticeable covering 
of transparent vellum. 

"The Modem Production of Sheet Glass'* was the subject of a paper by 
Professor W. E. S. Turner. Great strides have been made in recent years 
in this industry, and plate-glass is now manufactured by continuous processes 
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that would have been hardly conceived as possible hve-and-twenty years 
ago. The principal of these methods, such as the Fourcault and the Libbey- 
Owens, were described in detail, and the lecturer concluded with an excellent 
account of the very latest developments which are due to the genius of Mr. 
Henry Ford. 

Mr. Henry G. Dowling read a paper entitled " Wallpaper: its History, 
Production and Possibilities," which was- illustrated by numerous lantern 
slides and some very beautiful specimens. After a brief historical survey, 
he described in detail the principal methods of producing wallpapers, viz., 
(i) hand printing from blocks ; (2) machine printing ; (3) stencil; and 
(4) ;hand painting. In the course of his survey he paid a great and well- 
deserved tribute to the work of William Morris, whose well-known " Daisy " 
paper established a record in the popularity of a single design. Turning to 
the prospects of the industry, Mr. Dowling expressed the belief that manu¬ 
facturers are realising the necessity for giving a training in art as well as in 
the theory and practice of their craft to young men entering the decorating 
trade—and in this connexion it is interesting to note the scholarship which 
has recently been instituted by Messrs. I..ewis Berger and Son, Ltd., under 
the Society's Scheme for the Improvement of Industrial Designs, to enable 
apprentices or young craftsmen in the painting trade to attend a short course 
of study at the Royal College of Art, London. Mr. Dowling also pleaded for 
the training of salesmen in the principles governing good decoration, and 
for practical co-operation between manufacturers and Government Schools 
of Art. 

Dr. Andrew Balfour, in his paper, "The Trend of Modem Hygiene," urged 
the need for popular education in matters of public health, and drew attention 
to what is being done in this connexion in the United States, where the 
importance of the press and even of the cinematograph is much more fully 
recognised than in this country. With regard to our tropical possessions, 
he considers that we are not yet fully alive to their hygienic needs, and he 
pleaded for sympathetic and scientific co-operation. In India, for instance, 
as was pointed out in the discussion on the paper, the work of Public Health 
is terribly crippled by the want of funds, and, although money spent on these 
objects could hardly be invested more profitably, the Medicsd Officers of 
Health find that their departments are starved. Dr. Balfour spoke in praise 
of the Health Section of the League of Nations and of the International Health 
Board, which has spread its campaigns all over the world: it is fighting 
hookworm in many territories, mosquitoes that carry malaria and yellow fever, 
tuberculosis, etc.; it has aided in the medical education of the Chinese, and 
has given large grants to many countries for the development of teaching 
and research in public health. 

Air Vice-Marshal Sir Sefton Brancker, whose historic flight from London 
to Burma and back has done much to stimulate interest in flying, read a paper 
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on '"Commercial Aviation." He described the various existing air-routes 
of Europe, gave details as to their methods of operation, and quoted statistics 
to show the comparative safety of civil aviation. It is hardly necessary to 
insist upon the v^ue to the business man of the time which can be saved by 
means of flying. Not less valuable is the part which it plays in drawing closer 
together the various parts of the Empire; while the necessity which long 
distance routes involve of working harmoniously over different countries 
should do something towards ensuring peace among the nations. 

Before a joint meeting of the Royal Society of Arts, the Royal Aeronautical 
Society, and the Anglo-Batavian Society, Mr. Thomassen a Thuessink van 
der Hoop read a paper on " The Flight to the Netherlands East 
Indies." Mr. van der Hoop started from Amsterdam in September, 1924, 
flying a Fokker VII. machine. The only serious delay occurred in Bulgaria, 
when engine trouble developed, and difficulties were experienced in effecting 
repairs; but when these had been overcome the flight was continued until 
Java was reached without further mishap. Mr. van der Hoop, who spoke 
in excellent English, gave an interesting account of his journey, illustrating 
it by numerous photographs taken from the air. Though many of the scenes 
were familiar to a number of the audience, the angles from which the pictures 
were taken were new to nearly all, and some of them, especially the photograph 
of the Taj Mahal, were greatly admired. 

Exactly a hundred years ago the Royal Society of Arts awarded a silver 
medal and a premium of thirty guineas to William Sturgeon for his invention 
of the electromagnet. At that time Sturgeon was a private soldier in the 
Royal Artillery. The importance of the invention can hardly be estimated, 
as the electro-magnet is the basis of nearly all the technical applications of 
electricity. On it depend the dynamo for generating electric current, the 
electric motor, the telegraph, the telephone and the electric bell. It also 
provides one of the most important tools of the scientific investigator. Pro¬ 
fessor J. A. Fleming gave an admirable address, entitled ** William Sturgeon 
and the Centenary of the Electromagnet," in the course of which he not only 
told what is known of Sturgeon and his invention, illustrating the paper with 
a m^el of the original magnet made from Sturgeon's description and drawings, 
but he discussed at length some of the scientific problems connected with 
magnetisation, and the remarkable properties of such metals as manganese steel 
and permalloy." 

At the last Ordinary Meeting of the Session, the Right Hon. Sir Alfred 
Mond gave an address on " The Unemplosrment Problem." He expressed 
surprise that Governments should be allowed to come and go without dealing 
with the question. To do this should be made the one test of success. After 
summarising in some detail the present situation in the principal industries 
of the coimtry, he referred to the scheme which he had brought forward for 
the subsidising of employment, and which has recently been the subject of 
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much discussion in Parliament, the press and elsewhere. While not denying 
that there might be difficulties in carrying out his proposals, he claimed that 
the scheme was at least an attempt to do something to alleviate the trouble. 
At the worst it could but fail, in which case we should only be as we were; 
whereas, if it succeeded, it would do much to re-establish the confidence of 
the workers in those who believed that the existing social structure was capable 
of dealing with the problems of their present life. 

II.— Indian and Dominions and Colonies Sections. 

Seven Indian meetings, including the annual Sir George Birdwood Memorial 
Lee-hre, and three Dominion and Colonial meetings, were held. There was also 
one joint meeting of the two sections. 

The Memorial Lecture was delivered by Sir David Prain, the subject being 

Government Botanical Gardens." The Indian papers were: " Problems 
of Food with Specid Reference to India," by Lieut.-Colonel R. McCarrison ; 
'' Population Problems from the Indian Census," by Mr. J. T. Marten ; " The 
Development of Indian Universities," by Sir Henry Sharp; " Indian 

Meteorology," by Sir Gilbert Walker, F.R.S.; " Industrial Progress of the 
Mysore State," by Sir Alfred Chatterton; and " The Heart of Asia and the 
Roof of the World," by Brigadier-General Sir Percy Sykes. 

The Dominion and Colonial papers were : " Economic Research in Tropical 
Development," by Mr. Walter Ranald Dunlop; " Transport in Tropical 
Africa," by Mr. R. H. Brackenbury; and " Some African Problems," by the 
Parliamentary Under Secretary of State for the Colonies, the Hon. W. Ormsby- 
Gore, M.P. 

The remaining paper, read at the combined meeting was, " The British 
Empire Exhibition," by Lord Stevenson. 

Sir David Prain began his learned discourse by acknowledging his indebted¬ 
ness to Sir George Birdwood for help in economic inquiries in regard to their 
historical aspect and by urging that, while all botanic gardens depend for 
success on their capacity to enlist the sympathetic co-operation of cognate 
organisations, those of Asia owe their formation particularly to motives rather 
different from the reasons that have led to the existence of most institutions 
of the kind in Europe. Many overlook the fact that the botanic garden has 
been created not for the amenities it possesses as a place of public resort, but 
to further botanical ends, its workers indeed being subject to influences that 
hardly affect those privileged to labour in the field, the cabinet or the laboratory. 
While some five botanic gardens in Europe out of six began as " physic gardens," 
the connexion between " botany " an<J " medicine " was not, as is sometimes 
believed, essential but really accid^fftal. The urgency of the need for 
botanical aid in which renaissance " phytology " stood was less concerned with 
new drugs than new foods. The garden formed by Aristotle, in which his 
pupil Theophrastus taught, was nearer in purpose to a modem botanic garden 
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than a " physic garden " of the sixteenth century. In present circumstances 
considerable recurrent expenditure is required and attempts to produce direct 
revenue have to be discouraged. There is now only one Government 
Botanic garden in India. But the return brought by a botanic garden is 
indirect, and how vast the return may be South East Asia knows by what 
has been accomplished in the establishment of such industries as those 
connected with tea, cinchona and rubber. All the outlay in this respect at 
Calcutta, Buitenzorg, Peradeniya and Singapore, has been repaid a hundredfold, 
to say nothing of the almost incalculable saving to industry and commerce 
by the avoidance of enterprises doomed to failure. In certain European 
scientific circles it has been contended that the day of botanic garden exchanges 
of useful plants is over, but this is not the opinion of the student of genetics, 
nor of those interested in plant-breeding and plant-importation in the Western 
Hemisphere. 

The problems of food to which Lieut.-Colonel McCarrison directed attention 
in a paper described by the Chairman of the meeting. Professor Henry E. 
Armstrong, F.R.S., as of "great public importance," relate to quantitative 
faults in the dietaries of human beings and to their connexion with disease. 
Since such problems are many and diverse, the lecturer confined himself to an 
able and thorough consideration of some having special concern for India. 
In the investigation of these problems he was for long engaged as head of the 
Research Fund Association of India for the Investigation of Deficiency 
Diseases, his valuable labours, to great and widespread regret, having 
come to an untimely end, owing to financial retrenchments. He specially 
referred to the doctrine of nutrition, and in the exhaustive discussion 
that ensued, the Society was congratulated upon its success in having the 
question of diet brought forward by a distinguished authority, who has had 
so broad an experience and been so fortunate in collecting much evidence over 
a wide area and among many peoples. More than one of the experts who 
spoke expressed the hope that those who have scientific research at heart as 
well as those merely interested as persons desiring to promote the welfare of 
the Indian people, particularly the "almost voiceless agricultural labourers," 
will use their influence to obtain a revocation of the decision which interrupted 
at a small saving the beneficial work that was being so efficiently carried on. 

On the recurrence of the decennial census in India, it has long been the 
privilege of the Society to be favoured with first-hand accounts of that 
stupendous work from those engaged in planning and carrying it out. Two 
years ago the Census Commissioner for 1921, Mr. J. T. Marten, set forth the 
peculiar conditions in which the undertaking of that year was executed, and 
described some of the more formidable difficulties encountered and overcome. 
In acordance with precedent, Mr. Marten, during his leave at home in 
February, contributed a second paper, in which he dwelt on some of the most 
important problems which emerged from the statistical matter not previously 
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available. He mentioned that the progress of industrialisation in India, 
which arouses so much public interest, forms a subject of which the census can 
only touch a fringe, but he expressed the hope that the attempts to form an 

industrial census,** though so far necessarily imperfect and limited, will lead 
to a properly organised system and afford much-needed information to students 
and the administration. In the course of the discussion an enquiry into 
the Indian economic situation was suggested, Sir Louis Dane observing that 
he should be much surprised if, as a consequence of such an inquiry, many 
ideas as to the real poverty of India were not dissipated. Since this meeting 
the appointment of a small committee to make a preliminary economic survey 
has (been announced. 

In his interesting paper, the only fault of which was that the author, to 
use the words of Lord Chelmsford, the Chairman, was perhaps " too discreet,** 
Sir Henry Sharp gave what he called a brief and bird's-eye view of the 
history of Indian Universities, the ancient foundations; their decay under 
the stress of war and anarchy; the handing on of the torch through, 
humbler institutions ; the introduction of Western learning under an ordered 
Government; the inevitable demand for Universities of the Western type 
to crown the fabric of the new system; their creation in a form suitable to 
local conditions, but big with potential difficulties; the manner in which 
those difficulties were remedied and finally the recognition of the need for 
a supplementary system of local teaching Universities. While he did 
not generalise about the relative merits and defects of large affiliating 
Universities and small unitary Universities, he declared that it is in 
the success of the latter that the future of University education in India 
mainly rests. 

Sir Gilbert Walker, at the outset of his paper on *" The Meteorology of India,’* 
pointed out that the Indian climate is of special interest, not merely as being 
that of the greatest tropical region in the British Empire, but also because 
it seems to have been designed by nature with the object of demonstrating 
physical processes on a huge scale. Most of the area involved, including the 
driest of deserts and the steamiest of swamps, is in a great measure isolated 
from external influence to the north by a mountain barrier which prevents 
interference from outside with many of nature's experiments, while in Ladak, 
a western continuation of Tibet, can be observed minimum temperatures 
actually arctic. Referring to the value to aeronauts of a knowledge of upper 
air conditions, h^ said that the struggles in India had, last year, resulted in 
placing this work on a permanent footing. There is now a well-equipped 
central observatory at Agra and about eight subordinate stations. The 
assistance rendered by India in the is^e of warnings of storms or strong head 
winds will, it is expected, be reciprocated by aeronauts. After indicating 
somc^of the ways in which meteorology alone is vitally connected with the 
eo^i^oiiiic life of a nation. Sir Gilbert reviewed certain developments in co- 
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operation with medicine and other sciences, submitting that an examination 
of such questions as he referred to are worthy of the best brains that India 
can command." 

Sir Alfred Chatterton's comprehensive paper illustrated the methods by which 
an enlightened Native State has endeavoured to solve the problems arising 
from the industrial conditions prevalent in our Indian Empire. As the 
Government of M5^re becomes more popular it naturally ceases to be paternal, 
and in the future "development will rest much more than in the past with 
private enterprise." The proximity of the Indian Institute of Science, for 
which the country is indebted to the munificence of the late Mr. J. N. Tata, 
has, he said, proved of considerable use to the Mysore State, though, perhaps 
not to the extent that its resources are capable of. But the Institute, over 
which Dr. M. O. Forster, F.R.S., a former member of the Council of the Royal 
Society of Arts, at present presides, has been eminently successful in its main 
object, the training of men to conduct investigations in a scientific way. 

In the course of his extensive and not unfruitful travels in Central Asia 
Brigadier-General Sir Percy Sykes visited such distant and celebrated places 
as Bokhara and Samarcand. But as he told us in the admirable paper which 
concluded the meetings of the Indian Section, he was not content and wished 
to go further in the East and see the mysterious cities of Yarkand and Khotan, 
as well as the remote uplands of the Pamirs. The opportunity was afforded 
in 1915, when he was appointed Consul-General for Chinese Turkestan, and 
he was accompanied on his arduous expedition by his sister. Miss Ella Sykes, 
also well-known for valued contributions to the Society. One object of the 
journey was a long cherished ambition to hunt the ovis poli. An interesting 
feature of Sir Percy Sykes’s picturesque and superbly illustrated narrative 
was the description he gave of a visit, en route, to the Sarikol Valley, which 
possesses the extraordinary interest that its inhabitants, followers of His 
Highness the Aga Khan, are pure Aryans, and, with their aquiline noses and 
clear-cut features, might be taken for dwellers in South Europe. He mentioned 
that on the track from the Great Karakul Lake to Pamirski *sea shells were 
noted, proving that the " Roof of the World " was at one time under the sea. 

What Mr. Dunlop called " economic research" is, he explained, really 
economic geography and industrial and administrative efficiency. He illustra¬ 
ted his meaning by contrasting a country poorly off and unable to accomplish 
full development, British Guiana, with a country prosperous and fairly developed,. 
British Malaya, the dissimilarities being the result of geographical characteristics. 
The conclusions arrived at by such a comparison are, he held, illuminating and 
indicate a field for more intensive study throughout the tropical regions of 
the British Empire. The great motive in studying industrial efficiency is to 
assist existing populatioi^ to get more out of what they already possess. In 
the United States of America people are beginning to analyse, not only their 
own territories, but ours, more or less from the points of view put forward by 
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Mr. Dunlop, who maintained that a systematic study of the British tropics 
along the lines recommended would not only assist in economic development, 
but intellectually increase our world prestige, cost very little, and lead in the 
end to a much better understanding and closer sympathy. The Under Secretary 
of State for the Colonies, Mr. Ormsby-Gore, who took part in a very interesting 
discussion, said that Mr. Dunlop had advanced a most valuable and suggestive 
line of thought on his main point, namely, th^t hitherto very little has been 
done in the Empire in the direction he indicated. 

The crying need of Tropical Africa to-day, as described by Mr. R. H. 
Brackenbury in his very important paper, is an adequate system of cheap 
transport capable of being expanded to meet any reasonable call made upon 
it by districts which are not served by the railway. A solution of the problem 
is not to be looked for in head porters, pack animals or even in ox or mule 
waggons; and the heavier types of motor vehicles, though more suitable than 
the lighter kinds, are impracticable, owing to the inability to provide the kind 
of cast-iron road such as is found essential in Europe. But if the roads 
in Africa cannot be made to suit the vehicles there is every hope that we are 
making vehicles to suit the roads, or the lack of them I In Mr. Brackenbury's 
opinion it is to the use of ** track vehicles " that we must look for the bridging 
of the "very large economic gap which comes between the primitive methods 
developed by the natives themselves, and the highly specialised railway system 
laid down by the governing European Powers." 

The two salient features of the address on the Belgian Congo, which 
Monsieur Louis Franck contributed to the Society last year, were first, 
population, and, secondly, transportation. In his,excellent paper, "Some 
African Problems," Mr. Ormsby-Gore, said that everything he had learnt, 
both during his recent tour through the British territories in East Africa, 
and by his study, led him to the same conclusion, though he added 
a third vital subject, namely scientific agriculture. If we are to build up a 
peasant proprietary in East and West Africa, larger families are an economic 
necessity, and in this the first concern, governments, planters, traders and 
native producers are equally interested. He has been driven to consider that 
the further development of Tropical Africa is essentially bound up with the 
extension of the railway system, and in view of the depressed state of the 
industries affected in Great Britain, he feels that this is ttit time when every 
effort consistent with native interests should be made to expedite matters. 
With regard to his final subject, he emphasised the fact that native production 
cannot possibly succeed in the long run without a considerably augmented 
staff of European scientifically trained agricultural officers. 

Lord Stevenson, in the interesting paper he read before the joint meeting 
of the two Sections, held in April, devoted himself mainly to giving a useful 
account of the growth and development of the British Empire Exhibition, 
from its inception, as far ago as 1913, by that great "Empire builder," Lord 
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Strathcona, reserving for future treatment the new and improved features 
that are at present attracting so many people to Wembley. Sir 
Charles Campbell McLeod, who presided over the large audience, mentioned 
that, had not Lord Stevenson come upon the scene when he did, it is doubtful 
if there would have been any Exhibition at all last year. 

III.— Cantor Lectures. 

The first course of Cantor Lectures was delivered by Dr. Louis C. Martin on 
“ Modem Colour Problems." After discussing the relations of light and colour, 
and the physical basis of colour vision, the lecturer dealt with the question of 
producing artificial daylight. The various attempts in this direction were 
described, from the earliest efforts to the latest developments. The second 
and third lectures were devoted to the methods of measuring colour and to 
the various instruments devised to secure accuracy in this measurement. 

In the second course Mr. V. E. Pullin took for his subject " Radiological 
Research—^A History." In the first lecture he outlined the part played by 
each of the numerous workers who have contributed to the discovery and 
development of X-rays. The second lecture was devoted to a description of 
the instruments which were used by them; while in the third he dealt with the 
applications of X-rays and showed how their use in medicine and in numerous 
branches of industry is increasing almost daily. Almost daily, too, is the 
improvement in X-ray apparatus increasing, for at the last lecture Mr. Pullin 
was able to announce that on the previous day, in the Radiological Research 
Department at Woolwich, they had contrived to take an X-ray photograph 
through four inches of steel, a feat which had never before been accomplished. 

Dr. Walter Rosenhain delivered the third course, under the title " The Inner 
Stracture of Alloys." He described the latest theories as to the atomic strac- 
ture of crystals, and the possible arrangements of atoms on space lattices. The 
questions of electrical conduction and of super-conductivity were considered, 
and theories were advanced as to the way in which these phenomena depend on 
the arrangement of the atoms. Some reference was made to the colour of 
alloys, a point to which little attention has hitherto been directed, but the study 
of which, it would seem, might lead to valuable practical developments in 
metallurgy. The whole course was a striking illustration of the manner in 
which the most abstruse scientific theory may be of the greatest possible 
benefit to industry. 


IV.—Howard Lectures. 

Under the Howard Trust a course of three lectures on " Motor Fuels " was 
delivered by Professor J. S. S. Brame. In dealing with the problem of motor 
fuel supply the lecturer quoted figures to show the enormous and steadily 
increasing quantity of fuel which is required for use in internal combustion 
engines. The various kinds of spirit derived from petroleum wcj^ mentioned 
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and their characteristic features anal3rsed. The question of the production 
of alcohol for power purposes was then discussed, together with the problems 
of storage, handling and fire risks. 

V.—Dr. Mann Juvenile Lectures. 

Under the Dr. Mann Trust two Juvenile Lectures were delivered by Lieut. 
Colonel E. H. Richardson, assisted by Mrs. Richardson. In the first, “ Dogs 
in War,” he described the part played by dogs as messengers, as sentries, 
in laying telephone wires and in ambulance work, such as finding the 
wounded on the • battlefield and bringing the stretcher bearers to their 
assistance. The dogs were extraordinarily loyal to their duties, and 
more than once they succeeded in bringing urgent messages through the 
thickest fire, even after they had been desperately wounded. A great 
many dogs of all sorts of breeds were used during the war; they were 
recruited from private owners, Dogs' Homes—wherever they could be obtained; 
a large training school was established at Shoeburjmess, under the charge of 
Lieut.-Colonel Richardson, and dogs were sent from there to almost all the 
battle fronts, where they did valuable service and saved many human lives. 

The second lecture, ” Dogs in Peace," was mainly devoted to the training 
and work of police dogs, shepherd dogs and bloodhounds. Colonel Richardson 
strongly emphasised the need of basing the training on affection and com¬ 
panionship between master and dog. Rough treatment ruins that relationship 
and no satisfactory training can be carried out unless advantage is taken of the 
dog's anxious desire to co-operate with his master. 

Colonel Richardson brought a number of dogs-with him to illustrate his 
lectures, and their presence was greatly appreciated by the juvenile audiences. 

VI.— Albert Medal. 

The Albert Medal of the Society for the current year has been awarded 
by the Council, with the approval of the President, H.R.H. the Duke of 
Connaught, to Lieut.-Colonel Sir David Prain, C.M.G., C.I.E., M.B., LL.D., 
F.R.S., “ for the application of Botany to the development of the raw materials 
of the Empire." 

Sir David Prain is one of the most distinguished of living botanists. When 
Director of the Royal Botanic Gardens at Calcutta, he developed the Govern¬ 
ment cinchona plantations of India, and organised a system for the cheap 
distribution of quinine through the Post Offices, thereby making the drug 
familiar in every village of India and saving unnumbered human lives. Sub¬ 
sequently as Director of the Royal Botanic Gardens at Kew his work has been 
of immense value to those engaged in the trades in timber and in other vegetable 
products of commercial value. The great importance of his work is appreciated 
by the iscientific world and by Government Departments in this country 
and in India. - 
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VII.— Medals for Papers. 

Eleven medals have been awarded for the papers read before the Society 
during the current session—^seven for papers read at the ordinary meetings, 
three for those read in the Indian Section, and one for those read in the Domi¬ 
nions and Colonies Section. 

The awards are as follows:— 

Papers read at the Ordinary Meetings ::— 

Llewelyn B. Atkinson, M.I.E.E., Past-Fresident of the Institution of telec- 
trical Engineers, “ The Scientific Principles of Artificial Incubation." 

C. F. Elwell, B.A., “ Talking Motion Pictures." 

Mrs. Graydon-Stannus, “ Irish Glass, Old and New." 

Emile Cammaerts, “ The Restoration of Belgian Towns." 

Claude N. Friese-Greene, " The Friese-Greene Process of Colour Cinema¬ 
tography." 

Henry G. Dowling, ** Wallpapers." 

Lieut.-Colonel Andrew Balfour, C.B., C.M.G., M.D. (Edin.), B.Sc., D.P.H., 
F.R.C.P.E., " The Trend of Modem Hygiene." 

Papers read in the Indian Section :— 

Lieut-Colonel R. McCarrison, C.I.E., M.D., B.Ch., B.A.O. (R.U.I.), LL.D., 
D.Sc., F.R.C.P., Indian Medical Service, Problems of Food, with Special 
Reference to India." 

Sir Henry Sharp, C.S.L, C.I.E., M.A., " The Development of Indian Universi¬ 
ties." 

Sir Gilbert T. Walker, C.S.L, M.A.. Sc.D., Ph.D., F.R.S., F.R.A.S., " Indian 
Meteorology/' 

Paper read in the Dominions and Colonies Section :— 

R. H. Brackenbury, Member of the Empire Cotton Growing Corporation 
Mechanical Transport Sub-Committee, "Transport in Tropical Africa.” 

For many years it has been the practice that no medals should be awarded to 
members of the Council, or to readers of papers who have previously received 
medals from the Society, Acting on this rule the Council were precluded from 
considering the following papers :— 

Colonel R. E. Crompton, C.B., R.E., M.Inst.C.E., M.I.E.E., etc., " The 
Motor Car, its Birth, its Present, and its Future." 

Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., " The Power of Internal Combustion 
Engines for Motor Cars.” 

Professor John Ambrose Fleming, M.A., D.Sc., F.R.S., " William. Stuigeon 
and the Centenary of the Electromagnet.” 

Brigadier-General Sir Percy Sykes, K.C.I.E., .C.B., C.M.G., " The Heart of 
Asia and the Roof of the World.” 

The Council desire, however, to express their high appreciation of these 
papers. 
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VIII.— Peter Le Neve Foster Prize. 

The late Mr. Reginald Le Neve Foster presented the Society with a donation 
of £140 for the purpose of founding a prize in commemoration of his father, 
Mr. Peter Le Neve Foster, who was Secretary of the Society from 1853 to 1870. 

The Council last year offered a prize of £25 for an essay on The Effect of 
Trade Union Regulations on Industrial Output.”* 

At the request of the Council, Lord Askwith, the Rt. Hon. George N. Barnes 
and Mr. W. L. HicHens consented to act as judges. 

A considerable number of essays were submitted, and as soon as the result 
of ^e competition is known, it will be published in the Journal. 

* The conditions were printed in the Journal of October 31st, 1924, page 849. 

IX.—^Thomas Gray Memorial Trust. 

Under the will of the late Mr. Thomas L. Gray, the Society was appointed 
residuary legatee of the testator’s estate for the purpose of establishing a. 
memorial of his father, Thomas Gray, C.B., Head of the Marine Department 
of the Board of Trade. The main object of the bequest is " the advancement 
of the science of navigation and the scientific and educational interests of 
the British Mercantile Marine.”* 

Up to the present the sum of £4,000 has been handed over by the executors 
to the Society, and this has been invested in 3J per cent. Conversion Loan. 
The Council have appointed a Committee to consider in what way the objects 
of the Trust can best be carried out, and as soon as they have approved a 
sdieme, full particulars will be published in the Journal. 

* Further particulars of the bequest were published in the Journal of January 
23rd, 1925, pages 241-3. 


X.—^Fothergill Prize. 

Under the Fothergill Trust the Council have offered a Prize of £100 for an 
essay on “ Fire Waste (Loss of Property by Fire) and its Effects on the Econo¬ 
mics of National Life in Great Britain.” The last date for receiving the 
essays is July 31st, 1926. Particulars of the Competition were published in 
the Journal of March 8th last. 

XI.—^Annual Competition of Industrial Designs. 

The second Annual Competition of Industrial Designs will be held at the 
Victoria and Albert Museum in July next, by kind permission of the Director. 

This year the competition is being hdd in the following sections:—^Archi¬ 
tectural Decoration (where a Traveli^^ Scholar^ip of £150 is offered); 
Textiles (where two Travelling Scholar^ps are Offered); Furniture; Book 
Production; Pottery and Glass; and Miscellaneous. In the last section a 
number of prizes up to the value of £50 each are offered by various firms for 
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posters, designs for boxes, etc. The last date for receiving entries is June 
24th. 

At the first competition, held in 1924, over 1,300 designs were received 
from about 500 competitors. This year the numbers will probably be consider¬ 
ably more than doubled. 

The Council were gratified to learn that the Scheme had been brought to 
the notice of the Board of Education, who were very favourably impressed 
by its practical and valuable nature. The Board believe that the competition 
will have a powerful and beneficial effect on the teaching in Government 
Schools of Art, and at their suggestion the Council invited them to nominate 
a representative to serve on the Central Committee of the Scheme. Mr. 
Henry Allport, H.M. Inspector of Art Schools, has been appointed accordingly. 

It has been the aim of the Council and of the various committees appointed 
by them to carry out this competition, to ensure that any designs approved 
by them should bear evidence that the designers possess not only exceptional 
artistic ability, but also a sound and practical knowledge of the materials 
and processes of their trades. The various committees consist mainly of 
representatives of important manufacturing and commercial firms, and the 
judges nominated by them will not be likely to overlook the question as to 
whether a design submitted is suitable or not for the materials for which it is 
intended. 

After the awards have been made, it is intended to exhibit a number of 
selected designs at the Victoria and Albert Museum, as was done last year; 
possibly, also, exhibitions will be held at suitable centres outside London, 
where the designs will be brought to the notice of manufacturers likely to be 
specially interested in them. 

As soon as the Judges have completed their work it is proposed to issue a 
full report on the competition,* which will be published in the Journal and 
circulated widely among manufacturers and competitors. It is hoped that 
this report will be of great service to young designers and to the industries 
concerned. The judges will be able to criticise the work submitted, to show 
wherein it is defective, either from the artistic or practical point of view, 
and to point out the lines along which development is to be encouraged. 

* The Report on last year’s Competition was published in the Journal oi 
August 22nd, 1924, pages 689-696. 

XII.— ^Examinations. 

The number of entries for this year's examinations again constitutes a 
record. For the first series the figure was 27,568, for the second series 46,778, 
making a total of 74,346, as against 71,111 in 1924. 

In order to show their growth the figures are given for the last seven years. 

Year. Number of entries. Year. Number of entries. 

1919 . 34.173 1923 • • • • 68,241 

1920 .. .. 54.010 1924 .. , 71.111 
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1921 .. 55,182 1925 .. .. 74,346 

1922 .. .. 60,331 

The examinations are held in most of the principal cities and towns of Great 
Britain and Ireland, and in nearly all cases are conducted and supervised by 
the Local Education Authorities, to whom the Society is greatly indebted 
for the efficient manner in which these duties are carried out. 

There were 366 Centres for the April Examinations, and 360 Centres for 
those in May and June. The County of London, where the Examinations 
are under the supervision of the London County Council Education 
Committee, is only reckoned as one Centre, though imder this head are included 
entries from nearly two hundred Evening Institutes, Central Schools, 
Polytechnics, Proprietary Schools, etc. The number of entries for the County 
of London was 3,152 in April, and 14,809 in May. 

The liberality of the Worshipful Company of Clothworkers has enabled the 
Council, as in past years, to offer the usual silver and bronze medals. These 
medals are very highly valued by the successful candidates, and they contribute 
not a little to maintain the high standard of the examinations. 

The results of the first series of the Examinations have already been com¬ 
municated to the candidates, and those of the second series will be announced 
as soon as possible. 

A report giving full details of the year's Examinations will be published in 
the Journal, as usual, at a later date. 

XIII.— Oral Examinations in Modern Languages. 

The Oral Examinations are still in progress in various parts of the country. 
Particulars will be given in the annual report on the Examinations. 

XIV.— ^New Council. 

The Vice-Presidents retiring under the ordinary regulations are : Sir Herbert 
Jackson, The Hon. Sir Charles A. Parsons, Mr. James Swinburne, and Sir 
Philip Watts. Two further vacancies were caused by the deaths of Marquess 
Curzon of Kedleston and Viscount Leverhulme. In their places the Council 
recommend Viscount Burnham, Viscount Cowdray, Sir Robert Kindersley,. 
Sir Charles C. McLeod, Sir George Sutton and Sir Charles Wakefield. 

The four other members of the Council retiring are : Mr. A. Chaston Chapman^ 
Colonel Sir Arthur Holbrook, Sir Charles C. McLeod and Sir George Sutton 
(of whom the last two are recommended as Vice-Presidents). In their places 
the Council recommend, Mr. Llewelyn B. Atkinson, Sir John H. Biles, Sir 
Edward Davson and Professor J. M. Thomson, none of whom have served on the 
Council in any capacity during the last year. 
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XV.— Obituary. 

During the last twelve months the Society has lost a number of very 
distinguished Fellows, of whom no fewer than five were serving on th6 Council 
at tjie time of their deaths. 

Marquess Curzon of Kedleston joined the Society in 1895, and he was a 
Vice-President and a member of the Indian Section Committee when he died. 

Viscount Leverhulme was also a Vice-President of the Society, and was 
among those who assisted in starting the Fund for purchasing the Society's 
House, his contribution being £1,000. 

Lord Blyth was a member of the Society for over forty years, and he served 
on the Council in- various capacities for twenty years. 

Sir Steuart Colvin Bayley was Chairman of the Council from 1906-08. He 
also did valuable work on the Indian Section and Finance Committees. 

Sir Thomas Jewell Bennett was an active member of the Indian Section 
Committee and of the Council. 

Mr. John Slater was a very useful member of the Council and rendered 
the Society valuable service when the house was being renovated. 

Sir George Beilby had been a member of the Society since 1884. He had 
served for several years on the Council, from which he had retired shortly 
before his death. He contributed £500 to the Fimd for purchasing the Society's 
House. 

Sir Harry Veitch had been a Member of the Society for fifty-three years, 
having been elected in 1871. 

Professor George Downing Liveing had also been a Member of the Society 
for over fifty years, having been elected in 1874. 

Mr. William Whitaker was another FeUow of old standing, his election 
dating from 1886. 

Among other notable Fellows of the Society who have died during the 
last year may be mentioned the Rt. Hon. Sir William Grey Ellison-Macartney, 
Sir Marshall Reid, Mr. George Watt Christison, Colonel Malcolm H. Crump 
and Mr. C. H. Wordingham. 

Obituary notices of these have appeared in the columns of the Journal, 

XVI.— Finance. 

The financial statement for 1924, published in the Journal of June 19th, 
1925, shows that the excess of income over expenditure for the year ending 
December 31st, 1924, was £974 4s. jd. The corresponding figure for the 
previous year was £1,383 13s. 8<f., and for 1922, £596 17s. In 1923 the 
interest on the Bank overdraft was chaiiged to the Building Fund Account. 
To facilitate the book-keeping, this account has now been closed, and the 
amount of the interest, £289 i6s. 5^., appears on the debit side of the Income 
and Expenditure Account. 
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The item of expenditure, “ Industrial Art Committees, ;£i48 14s. gd,,** 
includes the cost of printing, postage and labour in connexion with the Com¬ 
petition of Industrial Designs held at the Victoria and Albert Museum in 1924. 

On the whole, the Council are of opinion .that the situation shown by the 
Income and Expenditure Statement for 1924 is satisfactory. There is, however, 
still a deficit of nearly £7,000 on the Building Fund. If this fact is brought to 
the notice of the Fellows, the Council feel confident that it will act as an incen¬ 
tive to them to assist in wiping off the deficit. 


yii. R. aABABRELTON movcd the adoption of the Report. The motion was duly 
seconded and the Report was adopted. 

The Chairman (Sir Charles S. Bayley) then proposed a cordial vote of thanks to 
Mr. G. K. Menzies (the Secretary), Mr. S. Digty (the Secretary of the Indian and 
Dominions and Colonies Sections), Mr. George Davenpoit (the Chief Clerk), Mr. 

J. H. Buchanan (the Accountant and Examinations Officer) and to the other officers 
of the Society for their services during the year. 

The motion, having been duly seconded, the vote of thanks was carried 
unanimously. 

The ballot having remained open for half-an-hour, and the scrutineers having 
reported, the Chairman declared that the following had been elected to fill the 
several offices. [The names in italics are those of Fellows who have not, during 
the past year, filled the office to which they have bteii elected.] 

President —H.R.H. The Duke of Connaught and Strathearn, K.G. 

Vice-Presidents —Sir Charles H. Armstrong, Sir Charles Stuart Bayley, G.C.I.E., 

K. C.S.I., Viscount Bearsted, LL.D., Captain Sir Actdn Blake, K.C.M.G., K.C.V.O., 
Viscount Burn ham, C.H., LL.D., ♦Sir Dugald Clerk, K.B.E., D.Sc., F.R.S., Viscount 
Cowdray, G.C.V.O., Earl of Durham, K.G., P.C., G.C.V.O., Peter MacIntyre Evan.s 
M.A., i-L.D., Sir Edward A. Gait, K.C.S.I., C.I.E., Viscount Inchcape, G.C.S.I., 
G.C.M.G., K.C.I.E., Sir Robert Kindersley, G.B.E., Sir Charles C. McLeod, Bt, 
Col. Sir A. Henry McMahon, G.C.M.G.. G.C.Y.O., K.C.I.E., C.S.T., Sir Philip Magnus, 
Bt., Senatore Giiglielmo Marconi, G.C.V.O., LL.D., D.Sc., Sir George Sutton, Bt,, 
♦Alan A. Campl)ell Swinton, F.R.S., J. Augustus Voelcker, M.A., Ph.D., Sir Charles 
Wakefield, Bt., C.B.E., Sir A.ston Webb, G.C.V.O., C.B., R.A., *Sir Henry Trueman 
Wood, M.A., Sir Alfred Yarrow, Bt., F.R.S., M.Inst.C.E. 

Ordinary Members of Council. — Llewelyn B. Atkinson, M.I.E.E., Sir Frank 
Baines, C.V.O., C.B.E., Sir John H. Biles, K.C.LE., LI..D., D.Sc., Sir William 
Henry Davison, K.B.E., D.L., M.P., Sir Edward Davson, Sir Archibald Denny, 
Bt., LL.D., Sir Robert Abbott Hadfield, Bt., D.Sc., F.R.S., Rear-Admiral James 
de Courcy Hamilton, M.V.O., Sir Thomas Holland, K.C.S.I., K C.I.E., D.Sc., F.R.S., 
Major Sir Humphrey Leggett, D.S.O., R.E., Professor J. M. Thomson, F.R.S., 
Sir Frank Warner, K.B.E. 

Treasurers —Lord Askwith, K.C.B.,.KfC., D.C.L., Carmichael Thomas. 

Secretary —George Kenneth Menzies, M.A. 

On the motion of the Chairman a vote of thanks to the scrutineers was carried 
unanimously.. 

♦Noipinated by H.R.H. the President. 
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Mr. R. ^-Ababrelton said there was one small point on which he would like to 
offer an observation. Up to November last the Journal was printed in type so 
small that some Fellows complained that it was difficult to read. Considerable 
alterations were then made in the style of producing the Journal. There was, 
no doubt, a great improvement, but, unfortunately, also a considerable increase of 
expense, with the result that it was sometimes necessary to condense the discussions 
on the papers. He thought it should be possible to find a smaller type which should 
yet be quite clear, and this might enable the printers to put more matter into the 
/ottrnrt/'without increasing the number of the pages. 

The Chairman stated that the question of the Journal was always present in the 
minds of the Council and that they were glad to have any suggestions that might 
lead to its improvement. 

The meeting was then adjourned. 


CORRESPONDENCE. 


THE TREND OF MODERN HYGIENE. 

Your issue of 29th May contains an interesting report of a paper by Dr. Andrew 
Balfour and of the discussion. Sir George Newman, who was in the Chair, referring 
to Jenner and Vaccination, said that the lesson of Jenner had been copied through¬ 
out the world, and as far as he knew had never failed." 

In India the population under British rule has been vaccinated for the last 
hundred years, and the number of annual vaccinations considerably exceeds the 
number of annual births. Yet every year from fifty thousand to a hundred and 
thirty thousand persons die of smallpox. Various medical authorities in India 
have recorded that vaccination in India has no effect on endemic or epidemic 
smallpox. 

In England and Wales vaccination was made compulsory in 1833, and was sternly 
enforced, and by the year 1870 about eighty-five per cent, of the babies born were 
vaccinated, so that about ninety-seven per cent, of the children living at that date 
held been vaccinated, as well as a very large proportion of the older people. In 
the years 1871 and 1872 there was the most fatal smallpox epidemic that has ever 
been known in the British Isles. More than forty-three thousand people died of 
this disease. 

Sir George Newman also said. “Yet there were last week 168 fresh cases of small¬ 
pox." I will add to that statement that in the first fourteen weeks of 1925, 1609 
cases were notified as smallpox, and there were two deaths from smallpox in that 
period, which is a very small proportion, especially considering that there were 
between two thousand and three thousand cases notified as smallpox in the year 
1924 - 

Sir George Newman also says: " The Schick Test of diphtheria was another 
example. It was practised in New York, where it was used as an instrument of 
prevention, direct and immediate, on an enormous scale." 

This is a curious statement because it appears to be in contradiction to statements 
in a book recently issued by the League of Nations, written by an eminent Belgian 
medical man (Dr. Louis Van Boeckel, Director of the Laboratory of the Belgian 
Public Health Department), who visited the United States in order to examine 
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into the practice of the Schick Test. From this it appears that the Schick Test 
was not found to be reliable and was to a great extent abandoned in the United 
States. The advocates of the Schick process preferred to omit the Test and to 
inoculate all the children with what they called toxin anti-toxin. But the report of 
the Belgian doctor also seems to show that there is great uncertainty as to the 
result of this toxin anti-toxiii, and the children to whom it has been given have to 
be tested once a year to see if they are still protected. A reference is given to the 
case of two thousand to whom the toxin anti-toxin was given to make them safe 
against diphtheria, but when they were tested it appeared that they were not safe. 
Inoculation with toxin anti-toxin by itself appears to be a serious matter 
and to produce a great amount of illness. When the illness is fatal it is referred 
to as an accident.’* But it would seem to me that " accident ** is hardly the right 
wi>rd to use. It is known that the stuff is dangerous and it is deliberately applied. 
Sir George Newman is now advocating the Schick Te.st in England. I suppose that 
is because the anti-toxin treatment of diphtheria, introduced about thirty years agp. 
has been proved to be a failure, else if it were a remedy for diphtheria why start 
poisoning many children for the sake of the comparatively few cases of diphtheria ? 

ARNOLD LUPTON. 


NOTES ON BOOKS. 


A Student’s Manual of Organic Chemical Analysis. By Jocelyn Field Thorpe, 

C. B.E., D.Sc., Ph.D., F.R.S., F.I.C., and Martha Annie Whiteley, O.B.E., 

D. Sc., A.R.C.S., F.I.C. 

The principles which have guided the authors in the preparation of this manual 
are to some extent set forth in the introduction, which contains an interesting refer¬ 
ence to the different effects produced on the student’s mind by inorganic and 
organic chemistry. 

After an opening chapter on the detection of elements, and a short section on 
the purification of substances, the quantitative estimation of elements is dealt 
with in a particularly full and satisfactory manner, considerable attention being paid 
to the history of the subject. The reactions of the commoner organic substances 
are next systematically described, in which connexion it may be worth pointing 
out, as a small detail, that in the reference to the microscopic examination of 
osazones, the student is given no hint as to the magnification to be employed, 
nor is this quantity noted on the accompanying photo-micrographs. 

There follows now an admirable section on the detection and estimation of 
typical radicles, in which reference is made in almost every case to the original 
paper describing the estimation. The book is completed by a chapter giving 
advice on the separation of mixtures and examinations of the constituents, and 
an appendix on the micro-analytical method devised by Pregl. 

Needless to say, there could hardly be a more fertile field for controversy than 
the method of initiating students in the practice of qualitative analysis, whether 
organic or inorganic. What the student naturally demands (and what he must 
continually be told he cannot have) is a cast-iron s^edule whereby, after a number 
of simple ** tests,'' he arrives at the name of the substance to be identified and enters 
it triumphantly in his note-book. The somewhat deplorable results produced by 
textfbooks in the past in the attempt to satisfy this demand are a matter of common 
knowledge, and some reference is made to this point by the present authors in 
their intrc^uction. . 
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It is conceivable, however, that in a just reaction fron this state of affairs, and 
in the attempt to avoid cramming, the modem treatment may throw the student 
rather too much on Ids own initiative in the matter of systematic procedure. Much, 
of course, depends on the supervision, the place of which cannot be taken by any 
text-book ; but the most tireless and lynx-eyed demonstrator will have his time 
fully occupied, as a general rule, by attempts to elucidate the exact errors in pro¬ 
cedure which have led students into difficulties. 

The Chemical Coloring of Metals and Allied Proce.sses. By Samuel h'icld, 
A.R.C. Sc. Lond., F.C.S., and Samuel Robert Bonney. London : Chapman and 
Hall. los. 6 d. net. 

This excellent manual, the work of two members of the staff of the Northampton 
Polytechnic Institute of London, brings together a collection of the kind of informa¬ 
tion which usually has to be obtained in small fragments from diverse sources. 

In metal-finishing the group of chemical processes known collectively as 
“ corrosion " is at once an enemy and a friend : it attacks the finished surface, 
but in many cases it also constitutes the means by which the finish is produced, 
and it is thus very necessary that the operator should have a working knowledge 
of the means by which such processes can be promoted and checked. Some account 
of the theoretical aspect of this question is therefore given at the beginning of the 
book, but unfortunately the problems involved are amongst the most obscure of 
those which engage the attention of the physical chemist, and one may doubt 
whether a general introduction to chemistry, occupying 28 pages, is a reasonable 
preamble to a discussion of this sort. The section on aerial corrosion itself is an 
admirable elementary exposition, though it is probable that more references to 
sources of additional information would have been appreciated. 

The authors then deal with the preparatory processes of mechanical polishing 
and chemical cleaning. The polishing chapter, although mainly practical in 
character, nevertheless leaves the uninformed reader in the dark on some very 
practical points, amongst which may be mentioned the running speed of the bobs 
and mops, and the means by which they are attached to the polishing spindle. 

After a useful chapter on lacquering, we find a section devoted to electro-deposi¬ 
tion, a process which in many cases necessarily precedes the actual " coloring," 
which is next dealt with and which occupies the main part of the book. 

Copper and its alloys are of course the most important metals from this last 
point of view, though silver and iron are also very commonly treated in various 
*ways. An excellent selection of recipes and processes is given, with sufficient 
practical detail to make them of real value ; although, as the authors take care to 
point out, certain personal qualities in the operator are necessary for complete 
success. Other metals are not neglected, and separate sections are devoted to 
the coloring of gold, zinc, nickel, tin and aluminium, the latter being on the whole 
a disappointing material. 

Not the least important chapters in the book are the last two, treating of various 
processes and general repairs, wherein the best-informed reader will find matter 
of interest and instruction. 

Wireless. By P. J. Risdon. London and Melbourne: Ward, Lock and Co., 
Ltd. 6s. net. 

The enormous popularity of “ wireless " is responsible for the creation of hordes 
of amateur electrical engineers. To these Mr. Risdon’s book should prove a boon, 
for it is written in clear and simple language, and does not scare pff the beginner 
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by plunging him into abstruse technicalities before he has the necessary knowledge 
to understand them. At the same time the exposition of the subject is very sound, 
and is of such a nature that it should inspire many of the readers of the book with 
a desire for a deeper understanding of the scientific theory of wireless telegraphy. 
The treatment is very full: the author describes all the types of instrument 
commonly in use, and the very numerous illustrations make it easy to understand 
the text. 

Professor J. A. Fleming, to whom wireless telegraphy is indebted for that epoch- 
making invention, the thermionic valve, contributes an interesting introduction 
in the course of which he summarises the ^history of wireless invention from the 
first suggestion of Clerk Maxwell as to the possibility of producing electro-nagnetic 
waves, down to the latest researches of Senatore Marconi in the matter of short¬ 
wave beam-t^;ansmission. Readers of the Journal should be familiar with these 
reclnt developments, as the Chairman of the Council has within the last twelve 
months delivered two addresses in which he communicated the results of his 
investigations. 

Mechanics of Textile Machinery. By W. A. Hanton. London ; Longmans, 
Green and Co. i2s*. 6 d. net. 

Mr. Hanton gives us a thoroughly useful and practical book of study or reference 
likely to be of service to every one who is interested in our textile industries, but 
it must be clearly understood that the book under notice is not a handbook of 
textile machinery in the ordinary sense, but rather an encyclopa^ia of the funda¬ 
mental concepts which are embodied in the multitude of highly complex and varied 
machine constructions that are to be found iv textile mills. 

These primary concepts are admirably presented to the reader in four important 
aspects: (i) Good indexing, without which a work of this character would rather 
tend towards worry and vexation than good service. (2) Remarkably full and 
satisfactory illustration which not only elucidates in detail, but often catches the 
eye in turning over the pages, showing at a glance whether the index has functioned 
truly. (3) Description in the text. Concise and exact. (4) Mathematical treat¬ 
ment. This is here and ought to be rather a degree or phase of illustration, than a 
distinct or specific aspect only of service to the expert and formally trained 
mathematician. 

The good qualities of Mr. Hanton’s book in relation to the above-mentioned 
four aspects are illustrated by this sequent story. 

We mentally sought a word by which to test the index, and as good balancing 
is a fundamental condition in heavy high speed machinery for treating fragile 
materials, this word was selected as a test for the index. The index gave ‘‘ revolving 
masses, 33,’* and “ reciprocating masses 37.'* Thus aided by the index, our search 
was actually ended, not by the sight of a page number, but by a view of six diagrams, 
evidently bearing on the theory of balancing fpp. 36-37). Not theory alone, as 
one of the diagrams sho^vs the relation of the rest to the picking tappets, the 
weft fork-tappets and other delicately acting parts. The text is in short well con¬ 
sidered sentences and is so distributed among the diagrams and the mathematical 
expressions so as to explain matters easily to the busy man. There are no massed 
mathematical sequences, but rather short expressions with explanatory text 
between : a very real merit in a technical book, as a completely non-mathematical 
reader can realise the general sense. 

Mr. Hanton's work is a good example or pattern to writers of technical books, 
and a reference book which should be in each department of every textile mill 
of our Empire. 
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NOTICE. 

THOMAS GRAY MEMORIAL TRUST. 

Under the will of the late Thomas L. Gray, the Royal Society of Arts has been 
appointed residuary legatee of his estate for the purpose of founding a memorial 
to his father, Thomas Gray, C.B., who was for many years Assistant Secretary 
to the Board of Trade (Marine Department). 

The objects of the Trust are the advancement of the Science of Navigation 
and the scientific and educational interests of the British Mercantile Marine.” 
Various suggestions were made by the Testator as to the methods by which 
these objects could best be promoted, and of these the Council of the 
Society have now approved the following :— 

The offer of prizes for essays of exceptional merit on subjects laid down by 
the Council which, in its opinion, bear on Navigation and generally are in 
accordance with the ideas of the testator; 

Of, if the Coimcil in any year shall so decide, as alternative or in addition to the 
above:— 

(1) The offer of prizes for exceptional success in classes in Navigation in 

courses of study approved by the Council. 

(2) The making of grants in aid of scientific research connected with the 

subject of Practical Navigation to investigators approved by the 
Council. 

(3) The giving of awards to any persons who, in the opinion of the 

Council, shall introduce improvements in the Science or Practice 
of Navigation. 

The Council now offer a Prize of jfioo for an essay on the following subject:— 

A description of a voyage, with special reference to the questions of 
stability, rolling and pitching of seagoing vessels, and to the methods of 
determining the position of a ship approaching and making the land 
during thick weather. 
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The writer should take into consideration the many modem aids to 
Navigation, and describe the appliances used and their practical effect. 
He should also describe the methods employed in a vessel fitted with the 
ordinary equipment which every ship should carry, and include notes on 
steering, either with the ordinary or with the gyro compass, or both. The 
whole essay should be based on the writer's personal experience. 

Competitors must send in their essays not later than December 31st, 1926, 
to the Secretary, Royal Society of Arts. 

The essa)^ must be typed or clearly written. They must be sent in under a 
motto, accomixinied by a sealed envelope enclosing the author’s name. 

,The Judges will be appointed by the Council. 

The Council reserve the right of withholding the Prize or of awarding a smaller 
Prize or Prizes if, in the opinion of the Judges, no suitable essay is submitted.* 

The Council also reserve an option on the copyright of the successful essay. 

G. K. MENZIES, 

Secretary. 


PROCEEDINGS OF THE SOCIETY. 

TWENTY-THIRD ORDINARY MEETING. 

Wednesday, May 27TH, 1925. 

Sir Robert A. Hadfield, Bt.. D.Sc., F.R.S., in the Chair. 

The paper read was:— 

THE UNEMPLOYMENT PROBLEM. 

By The Right Hon. Sir Alfred Mond, Bt., M.P. 

I feel that it is quite unnecessary for me to apologise for bringing before 
this Society this afternoon the problem of unemployment in this country. 
The present industrial and economic condition of Britain is so serious and 
has penetrated into so many different channels, through so many different 
homes, and in so many different directions, that every one is fully seized to-day 
of the crisis through which we are passing. It is a subject which has occupied 
economists, statesmen, and writers now for a number of years. It has occupied 
me in a special way because I had the honour, when I was in Mr. Lloyd George's 
administration and was Minister of Health, to be Chairman of the Cabinet 
Unemployment Committee for some time; and, of course, we were faced with 
an even worse position then than the one which is before us to-day. At 
that time our figure of unemployment was over 2,000,000. We anxiously 
explored and set in operation a good many schemes and methods whereby 
we endeavoured to alleviate the imemployment situation; some of these 
I shsdl refer to later in my lecture, and many of them have, no doubt, con¬ 
tributed considerably to alleviate our difficulties. 
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In spite of whait has been done, however,* no one can be satisfied with the 
present positiionw I have never been satisfied with the .position, whether I 
Lave bjeen in office or out of office, and the proposals which I intend to elaborate 
to you fhas afternoon were first set out by me and placed by me before my 
<x)lleagues in the year 1922. It was just at the end of our tenure of office, 
:so that the discussion on them was interrupted at that lime, and although 1 
have now adumbrated and spoken and written about them more than once 
since then, one has always hoped that the. normal restoration of industrial 
prosperity would make it unnecessary to enter upon what I frankly admit is 
a difficult task, that of introducing any scheme which is in the nature of some 
form of subsidy. 

Those hopes have not been realised. Those anticipations of amelioration 
have not really been fulfilled. We have reached a kind of static position 
of unemployment going on year after year, month after month. A heavy 
veil seems to obscure our view of the future prosperity of our country, and it 
shows no sign of lifting. Therefore, I have come back once again to impress 
on all those interested in the subject, all who have authority, all who feel 
as I do the impossibility of sitting still and doing nothing, the adoption of 
a scheme which I will develop before you. It is a scheme which has had the 
most careful reflection, the most critical examination, and after listening 
to many aiiguments and objections I still believe it to be the only scheme 
which is likely to do anything on a considerable scale to return the workless 
to their work. 

Before entering upon the details of the scheme it will be well for us to try 
and envisage our problem from the widest point of view. I am not going 
to inflict upon you this afternoon the large amount of statistical data I have 
collected, I have no doubt that if this statistical matter appears in the 
Transactions of the Society, those who are interested in the details and figures 
will have ample opportunity of studying them at their leisure. But these 
figures, which are all taken from official sources and, therefore, can readily 
be checked, are sufficiently striking even if they are taken only in their broadest 
outline. They refer to Great Britain and Northern Ireland. In July, 1924, 
the estimated number of persons under the National Health Insurance Act 
was 11,514,000. The number of unemployed books remaining lodged on 
April 27th* last was 1,292,130; the percentage of imemployed, therefore, 
was 11.2. The industries with over 20,000 persons unemployed were the 
following:— 


Coal mining. 

. 146,133 

Steel . 

. 55.370 

Engineering. 

. 81,902 

Shipbuilding. 

. 80,225 

Cotton. 

. 40.158 

Wool and worsted . 

.• 43 .«oo 
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Linen.. .. •/ 29,126 

Building .. •• «. ». ... 59 , 9 ^^' 

Public works contracting. », ^. 23,259* 

Road transport (other than tramways and omnibus 

services).. v. 22,099* 

Shipping services . 25,049 

Canal, river, dock and harbour services .. r. ... 60,819' 

Distributive trades. ... 96,871 

Local Government.. .. ... 21,140* 

Hotel, boarding house, and club services .• ... 33,046) 

I Other industries and services .. .. .. ... 29,205 


This makes a grand total of 847,520. In these 16 industries, out of the total 
of 100 in the Ministry of Labour classification, we find 66.6 per cent, of the 
existing unemployment. 

Now take industries in which unemployment is 30 per cent, or above :— 


Tin plates. 36.8 per cent. 

Shipbuilding . 31.4 „ 

Linen . 33.1 „ 

Canal, river, dock and harbour services .. .. 31.4 „ 


Then we have steel, which has 26.7 per cent., and we have a number of 
other industries—in which the percentage of unemployment is between 20 
and 30 per cent, of the total number registered in those industries—of 
which shipping services is the largest, giving altogether 23.2 per 
cent, of total unemplo}anent. We have twenty-one industries in 
which unemplo3mient is between 15 and 20 per cent., and 
fifty-one in which it is between 10 per cent, and 15 per cent. These last 
include coal-mining, which, in spite of the large number of its unemployed— 
146,133—^has a ratio figure only of 11.6 per cent. Finally, we have a total’ 
of 417,923 unemployed, in 49 industries, in which unemployment is below lo* 
per cent. These include :— 

Cotton . 7.1 per cent. 

Building. 8.3 „ 

Distributive trades . 7.2 „ 

What do these figures teach us, and what is the object of examining them ? 
It is to show us that what one might call mass unemployment is Confined to- 
a relatively small number of industries, though industries by no means smalls 
in magnitude. There is a very heavy weight of imemployment in a certain 
number of industries, a more moderate weight in a larger number, and a- 
relatively normal rate in the bulk of the industries coming under the classifica¬ 
tion. We have seven industries which-alone account for 41.7 per cent, of 
the total unemployment. If any action could be taken to help these industries* 
out of the rut they have fallen into, it would have an immediate and marked 
effect on the total unemployment returns, and, more than that, it woulci 
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tend .to reduce the unemployment in a very large number of ancillary trades. 

Speaking on this subject once, I described the position as like that of a stone 
thrown into the middle of a pond. There is a big splash, and gradually the 
water ripples out in wave after wave till the disturbance is almost lost to sight, 
though not to scientific measurement, as the impact diminishes, and the waves 
become less and less. If you can make a break in the depressed conditions 
of large industries it is obvious that the economic effect must be to " ripple 
out " ancillary employment through a dozen, a hundred, a thousand channels, 
almost imperceptibly, almost without the observer being able to say exactly 
how much of the improvement is due to the action which has been taken, 
and yet quite obviously, to all who will give it a moment's thought, a case 
of cause and effect. 

There are those who have objected to some of my ideas on the ground that 
if such a scheme were introduced it would affect only a small number of in¬ 
dustries, and might not be of much avail even in those. Criticisms of that 
kind always omit what may be called the " snowball" effect. It is forgotten 
that the stimulation of any part of the social organism must cause reactions 
in many other parts, and, indeed, almost throughout the whole structure of 
society. 

The. next point we might examine with some profit is the question of certain 
of the causes which have produced the present state of unemployment. There 
are a variety of causes, of which most of you, probably, are fully aware. There 
is no reason, for all that, why we should not re-examine them so as to get a 
clear picture of the whole position. Let us take first industries increased 
beyond their normal capacity on accoimt of war expansion. Of these the 
largest group is the heavy metal industries—^pig iron, steel, iron and steel 
tube making, and other metal industries. There we find a heavy rate of 
unemployment:— 

Pig iron . 20.4 per cent. 

Steel. 26.7 „ 

Iron and steel tube making .. .. .. 18.8 „ 

Other metal industries. ii „ 

The total number of unemployed in these industries is 85,994. Then we have:— 

Engineering. 81,902 

Shipbuilding and repairing . 9^,334 

Shipbuilding services . 25,049 

The total number is 287,279. This group of industries represents 22.2 per 
cent, of the total unemplo3anent, and it is a group in which, as we all know, a 
great deal of expansion went on for war purposes. Factories were put up, 
yards were built, plant was extended in order to meet the requirements of the 
war, with the result that, not only in this country, but in all the countries 
of the world, there is an enormous number of plants in existence for peace 
requirements. This is a cause of depression which can only .gradually pass 
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away as the consumption power of the world goes up to its usual capacity. It 
is not only a national but an international phenomenon. 

Then we have industries which have been seriously affected by the loss of 
foreign markets—especially I refer to coal mining. Anybody who knows 
anything about the coal trade is aware of the great loss of our export coal trade 
during the last few years. This is due to a variety of causes, such as electrifica¬ 
tion in countries where water-power is cheap, the substitution of oil fuel both 
on land and still more on sea in place of our steam coal, the development of 
new coal-fields and collieries elsewhere, especially the great development 
of lignite or brown coal in Germany. That gives you part of your due to the 
figure of 146,000 unemployed at present in the coal mines. In the textile 
trades we find also, if not similar, some analogous conditions. In the cheaper 
and lower grades of textiles we have lost a great many markets to countries 
where lower wages are paid and longer hours worked. These two industries, 
coal-mining and textiles, represent 24.4 per cent, of total emplo)anent. 

Then we have a whole string of industries, not large in themselves, but 
adding up to a considerable total, which depend mainly upon what I may 
call the general prosperity of the country, representing 46.9 per cent, of total 
unemployment. That is another illustration of the interdependence of one 
class of industry on the others. Of course, there are many more causes than 
those I have just enumerated for our depressed industry, and especially our 
depressed export trade. We have pursued a financial policy which, admirable 
in itself, and perhaps in the long run the best we could have adopted, must 
have an immediate effect, Tike all policies of deflation, leading to depression 
of industry and, in consequence, unemployment. -I do not think that general 
proposition would be denied by any economist in the world. The result is 
to give what might almost be called an artificially created unemployment 
in this country by reason of the financial policy we have pursued. 

Again, the deterioration of foreign exchanges, which operates in exactly 
the opposite direction to the course we have been taking, makes our entry 
into these markets almost an impossibility. The highest tariffs which the 
most ardent protectionists have dreamed of are moderate in comparison 
with the artificial tariff which is set up through depreciated exchanges in 
so many countries of Europe to-day. 

Then the war itself naturally brought about the creation almost all over 
the world of factories and industries to supply internally goods for which 
the country formerly relied upon imports coming from our own and from 
other £un^)ean countries. The supply of those goods from the usual sources 
was cut off during the war, and naturally the people who could not get the 
goods to which they had been used started an effort to get them for them¬ 
selves. Factories once started are rarely abandoned. No nation likes to 
see industries whidh have once begun being scrapped again. They prefer 
tari& subsidies to seeing factories closed and the people in their midst 
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thrown out of work. Thus we have to face the fact that people who have 
been used to buying from us now manufacture for themselves. 

There is a further factor—^that of cost. All wars throughout history, what¬ 
ever period be taken, have always caused impoverishment of the world, never 
eniichment. This has been the ruin of most of the great empires of the past. 
It has been the cause of the destruction of most of the great civilisations 
we have known. If war has always resulted in a general impoverishment 
of nations, it is obvious that war on a scale unprecedented in area, number of 
combatants, and cost, must leave behind it an impoverished world, and that 
being so we have a reduced purchasing capacity and a lower standard of 
living, not because of want of demand, but because of want of capacity to 
meet the demand in most of the countries of the world. We suffer from this 
factor even more than other countries, for consider what is our strength in 
industry, and generally in manufactures. It is quality rather than cheapness^ 
and quality is expensive. British goods always come into favour when people 
have money to spend on good things, and they fall out of favour when people 
are poor and have to buy cheaper goods. Great Britain cannot at once he 
the loom of the world and also the ready-made clothing establishment, and, 
therefore, in a question of prices we suffer more than other competitors. 

I have given you a broad outline of the picture at which we have to look. 
To sum it up, we have a volume of unemployment of which the figure 1,292,131 
unemployed as returned under the unemployment scheme, with which we 
are familiar, does not represent entirely the total unemployment in this country. 
Agriculture and domestic service, for instance, do not fall within the categories 
of the Unemplojmient Insurance Acts at all, and there must be some percentage 
of unemployment in those industries. The insured industries represent only. 
47 per cent, of the total population above the age of sixteen. Therefore^^ 
to the Ministry of Labour figures of one and a quarter million unemployedi 
we must add several hundreds of thousands in order to get to the total un¬ 
employment, and if the result be worked out on population we get to a figure 
of something like one-tenth of the whole population dependent on unemjdo}^ 
ment benefit, poor law-relief or charity for their sustenance. 

Nobody can say that this is a satisfactory position for any country to be 
in. No one can say that this is a thing which can be allowed to go on in¬ 
definitely eating into the material sustenance and the moral life, the very heart 
of the nation, without the most serious misgivings and possibly the most 
serious consequences; Therefore, I am myself surprised—^in fact, sometimes 
I find it difficult to realise—that the great mass of the people of this country, 
having seen this state of things, seem to be content to let Governments come.> 
in and go out, to let Ministers stand at the table and make vague statements 
about what they are considering to do, and do not insist for their own safety. 
and salvation that this is the one problem on which all attention ought to be 
concentrated. People have seen this state of things remaining year after yea^i 
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with some small variations up and down, but with very little prospect of 
any radical change. It is not a subject for one day’s discussion on the Ministry 
of Labour vote or on the motion for adjournment. It ought to receive daily 
consideration. People ought to be dealing with this thing insistently and 
consistently, looking at it from all its possible aspects, making it the real test 
of success in Government whether this problem is or is not being solved. 

At the present time—say this without any kind of party feeling—the 
problem is not only not being solved, but very little is being done. The whole 
tendency of the legislation recently introduc^ into the House of Commons— 
and I say this with a great sense of responsibility as one of the industrial leaders 
in ^his country—^is much more likely to produce more unemployment than 
to diminish it, and it betrays how far away those concerned are from the actual 
concrete realities under which we live when we find that their minds are so 
much occupied with problems which, while admirable in themselves, seem to 
be quite out of harmony and keeping with the necessities of the moment. 

There is another factor which is often overlooked. We have an annual increase 
in population in this country of about 300,000. The annual increase in numbers 
thrown into the labour market in the insured industries alone is 120,000. 
We have had, for two or three years, going up or coining down by a few 
thousands, roughly one and a quarter million of men and women unemployed, 
and we cannot absorb the annual increase in the industrial population which 
is coming upon us, so that there is a tendency to the increase rather than the 
diminution of this total number. The only bright spot in a rather lugubrious 
picture is that since the war the population of this coimtry has increased by 
four millions, and even with our high unemplojment figures the country 
is emplo}dng something like three million more people than before the war. 
This shows that in spite of our difficulties our industries have increased and 
developed since the war, but the rate of progress is insufficient to deal with 
die increasing population and is insufficient in the ratio which we require 
to re-establish our position. 

‘ I have endeavoured to summarise—and I have done it very shortly, because 
I did not wish to exhaust your patience—the amount of existing imemploy- 
ment, some of its causes, and the .position in which we find ourselves. To 
what conclusion are you inevitably drivra ? You are driven to the conclusion 
that it is only by increasing the volume of our trade and stimulating pro¬ 
duction that greater employment will result, not merely in any one industry, 
but in industry generally. One of the chief things which is keeping apart 
the seller and the buyer to-day is the cost of production. If cost of production 
can be reduced, if the seller's price am be brought closer to the purchaser's 
capacity, a greater amount of business will result. The question is: Can 
a practical scheme be devised by which this gap can be in any way bridged ? 

There, are many methods wffich in time will operate and are bound to 
operate to help to bridge tins gap. I do hot want anyone to imagine that 
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I am not fully aware or fully cognisant of the many factors which are necessary 
to the permanent rehabilitation of British industry. I will merely mention 
a few : new and improved methods of output, organisation of administration 
smd management, revision of our system of taxation, both local and national, 
the importance of research and invention, reduction of what I might call 
oiir strangling transport charges, greater and fuller co-partnership between 
all those engaged in industry—all these that I have mentioned are right and 
necessary factors for the improvement of our industrial condition. They 
will take time, they can only operate .§lowly, and they can operate better 
in times of less than in times of greater depression. Hope is an immense 
factor in the psychology of business. Confidence is of the utmost value to 
encourage people in the heavy work and outlay of business improvement 
and reorganisation. It is, therefore, of essential importance that you should 
stimulate in all these necessary directions as far as possible by inducing that 
psychological atmosphere in which people will work, not as those who labour 
under a heavy weight of despair, but with a buoyant feeling of optimism and 
confidence. 

It is this which really is the one valid excuse to be brought forward for 
Government interference, a thing which I myself deprecate if it can ever be 
avoided, and Government assistance to industry in the condition in which it 
now finds itself. We are spending year by year—sometimes by methods 
which are seen, and at other times by methods which are not seen—^vast 
sums on subsidising people to do nothing. Since the Armistice, in un¬ 
employment insurance, in poor-law relief, and in other methods, we have 
spent nearly £300 million, not to obtain work, but to subsidise idleness. When 
you put it into cold figures you wonder that any nation is prepared to go on 
spending something like £100 million a year for no other purpose than keeping 
people out of work, with the spectacle before it of a deteriorating industrial 
population, of a generation growing up which has never known work, and 
which, if the situation continues much longer, will never be capable of work, 
of industries falling Into desuetude, of craftsmen losing their skill. When 
prosperity returns those who have been so long battered by fortune and have 
lost hope, who have tramped the streets for months, who have become used 
to living on the dole or on poor-law relief, whose independence has been sapped 
—^o you think these people will come, back to full industrial efficiency just 
because the nation wants them to, when nothing has been done for them all 
this time ? That is a thing which every employer of labour knows. You 
have got to pay at least as much attention to the worker as to the boiler plant. 
Yet people do not seem to have realised yet the psychology of that most vital 
part of the industrial machine—the industrial worker—^nor that for the help 
and assistance which he is to industry, he is entitled to have as much con¬ 
sideration paid to him and the problem of maintaining him as the maintenance 
of the pkmt which everyone treats as a matter of course. 
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This is to my mind a vital and insistent problem which demands and is 
entitled to have an answer. Is it possible to find work for the workless, not 
in expensive relief works, not in turning the skilled man into an unskilled man, 
but by giving the man work in his own trade, where his economic efficiency 
woidd ibe highest ? Is it possible to stop the continuing deterioration which 
enforced idleness brings about, and to give employment to that large army 
of yoimg persons who since the war have'been trained to no work at all ? 
It is by the answers you give to these questions that any scheme you put 
forward has to be judged. The vitally important question is not whether 
this scheme is a breach of economic law, but whether we can afford to sit 
by ^s we are doing now and do nothing.. If you agree that you cannot afford 
to sit by, then all the other points become secondary and relatively un¬ 
important. If you take the view that we can afford to sit by, that our fears 
are exaggerated, that the consequences which I and others see in our present 
position are not so serious as we think, that we can afford to " wait till the 
clouds roll by," that provision will be forthcoming somehow even as the manna 
was dispensed from heaven, then you are entitled to build up those destructive 
hypotheses, those criticisms, those negativisms which are always the answer 
of the do-nothings to those who have produced a .scheme of reform, and have 
always been the answer in all the history of the world. 

No one—certainly not myself—would care or endeavour to put forward 
any scheme of the character which I am putting forward unless he had been 
convinced of the utmost necessity of doing so at the moment. The creator 
is generally aware of the defects of his creation, the parent of the defects of 
his child, and no one is more painfully aWare than I am of .some of the difficulties 
and complications which may arise. 

Before I pass on to the explanation of the details of the scheme which I 
have worked out, I should like to say a few words about what we have already 
succeeded in doing so far in order to assist trade and to provide emplo)m[ient. 
We have the Trade Facilities Acts, 1921-24, one of the products of the Cabinet- 
Committee, to which I have referred, in which the Government has guaranteed 
up to April 28th, 1925, something like £55,500,000. This is a considerable 
sum, a sum not to be despised, but.relatively small when compared with the-^ 
laige volume of capital which necessarily flows into industries in this and 
other countries where it can be used. We have then export credits utider 
the Overseas Trade Acts. The total advances of credits up to March 28th 
were £i4>75o,ooo. Anyone who knows the volume of credits given in the 
City of London will not consider that a brilliant result. ITien we have the 
unemplo3mient grants of assistance to local authorities, under which sums 
have been paid out from year to year to assist the authorities in their wages, 
bill. The total cost of the schemes is somewhere in the neighbourhood of 
£22,000,000. Publio utility companks have undertaken schemes costing 
£2,000,000, making a total under this head of £24,000,000. We have in total. 



July 10, WJO, 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 784 


as a matter of fact, for the last three years, under various alleviations, 
£69,000,000 under trade facilities and export credits, and £13,000,000 in 
other directions, including emigration, free passages, and other relief of the 
unemployed. The total is fairly considerable, but it is a very small total 
indeed for the provision of work in comparison with the total which is spent 
in supporting people who are out of work. This year, curiously enough, 
the estimate for the relief of unemployment so far as the Government is 
concerned is on a smaller scale than for a number of years. Why this is so I 
cannot understand, because the need se^s to me as urgent as it has ever 
been. 

I pointed out in the earlier part of my lecture that we have an increasing 
population and an increasing difficulty of finding work for them. It has been 
stated more than once that this country has depended in the past to a very 
large extent on the fact that countries which grew food were prepared to 
exchange their food and raw materials for our manufactured goods. If those 
conditions no longer hold good in the economic world two things must result: 
(i) We cannot support the same population unless it provides more food in 
this country ; (2) people not able to support themselves in this country must 
go to other countries where they can grow the food to support themselves. 
Therefore emigration becomes one of the important factors in dealing with 
the unemployment problem. The Overseas Settlement Act was started in 
order, for the first time, to work with our Dominions for the development of 
emigration. Up to now, I am sorry to say, the Act has not done anything 
like as much as the authors of it expected. Schemes are being worked out 
which, I hope, will proceed on a more rapid and larger scale. But I would 
like to throw out the suggestion whether it would not be for the benefit of 
this country if those who have subscribed for years to unemployment benefit 
become entitled in some form or other to commute their benefit for a period 
of time in return for assistance to enable them to emigrate. It might be 
costly to begin with. One of the difficulties is that the emigrant wants capital. 
But would it pay us possibly in the long run for those out of work to go o ji 
to our own Dominions and help to people the vast areas of our own Empire, 
assisted in the manner that I have suggested ? It is a point very well worth 
following up and investigating. 

Having made, shortly, these preliminary statements, I will now come to 
the scheme which I have placed before the country to deal more immediately 
with the stimulation of industry and the replacement of the workless in their 
work. The object of the scheme is to obtain work for those who are now 
receiving out-of-work benefit (and for this purpose I am treating covenanted 
and uncovenanted benefit on the same basis):— 

(z) The unemployed worker must be entitled vduntarily to surrender 
his unemployment benefit of 23s. a week in return for definite work at full 
trade union district rate of wages for a definite job for a definite period. When 
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the scheme enters into operation every labour exchange would be instructed 
to open' a register of those unemployed prepared to undertake work on this 
basis. 

(2) The recipient of the advantage of obtaining a wage reduction or subsidy 
would! be the employer, who could utilise this labour. It is obvious that to 
achieve a diminution in the number of unemployed and to prevent a mere 
substitution of those already engaged in industry by those out of work, 
measures must be taken by which only employees in excess of the establishment 
of any given firm at a given time can be eligible to be engaged under the 
proposed subsidy. 

{§) Employers prepared to engage additional workers under the scheme 
would apply to a committee, representing the employers, the trade unions, 
and the State, in proportion to their contribution to the imemployment fund. 
The employers' panel would adjust matters affecting employee alone; the 
trades union panel would adjust matters relating to those about to be em¬ 
ployed, and the whole committee matters affecting the various panels and 
general points at issue. The committee would decide whether the granting 
of the application would or would not increase the total volume of trade and, 
therefore, of employment. 

(4) Employers, after having received the sanction of the committee, would 
notify the emplo5mient exchanges of the number of new workers they would 
take into emplo3anent on full time at full trades union rates for a definite 
period (say, for example,, six months) in excess of the average number fully 
employed by them during the twelve months preceding the " appointed day." 

(5) The " appointed day " would be a date defined in the legislation which 
would have to be passed to make this scheme effective. The date would 
presumably have to be the day upon which the adoption of the scheme by the 
Government was first made public. 

(6) In respect of 75 per cent, of the workers actually engaged as the result 
of the above notification, the employer would be entitled to receive the un- 
emplo3mient benefit of 235. a week due to those workers from the labour 
exchange through which he engages the men. 

(7) The cards of all workers who had been continuously unemployed for 
three out of the six months preceding the "appointed day" and who had 
notified the exchange of their willingness to come under the scheme would 
be stamped by the employment exchange in order to ensure that these men 
would be the first to be employed under the new scheme. 

(8) Any firm set up after the "appointed day," with the exception of 
schemes for the emplosnnent of unemployed ex-service men (whidi would 
receive special consideration), would receive the 75 per cent, of the unemploy- 
ment benefit only in respect of half the total number of men.employed. More¬ 
over, the firm would have to prove commitments into which it had entered 
before the "• appointed day " and would have to start operation within three 



July io. 1555 . JOURNAL OF THE ROYAL SOCIETY OF ARTS. 786 


months of the scheme coming into effect. Such commitments should pre¬ 
ferably be proved before the special unemplo3mient committee defined below. 

(9) So that the scheme might end automatically when the greatest need for 
it had been met, the number of men and women for whom the employer would 
receive the 23s. per week would have to be reduced at the end of a six months* 
period after the "appointed day,*’ and subsequently at the end of every 
three months* period, by 2 per cent, more than the percentage reduction in 
unemployment in their industry, as ascertained by the Ministry of Labour 
since the date when the scheme began to operate. For the purpose of this 
calculation, the total number employed under the scheme would be regarded 
as employed. 

(10) The scheme would end automatically when the reduction to normality 
in the unemployment figures is reached, and this figure should be stated in 
the legislation necessary to put the scheme into effect. 

(11) The scheme would apply to men, women and youths in all insured 
industries in which the unemployment figures were above normality. 

(12) Employers, for the purpose of the scheme, would include all industrial 
companies, local authorities and public utility undertakings—that is to say, 
every class of employers of labour. 

I stress the fact that the surrender of benefit by the unemployed worker 
must be voluntary. You could not possibly, ethically or legally, deprive 
him of such a right unless he was ready to surrender it. On the other hand, 
to safeguard his wage, and also in view of what I may call in-and-outness, he 
must have a definite job for a definite period. I believe a large number of 
men will be delighted, if they are given the chance, to earn again a reasonable 
wage in their own factories. The employer who could utilise the labour 
would get the advantage of the subsidy. One of the difficulties to be guarded 
against, a thing which seriously wrecked the schemes tried in this country 
after the Napoleonic wars, is represented by the employer who might discharge 
some of his men in ordinary cmplo3mient and obtain this subsidised labdur 
in their place. To safeguard against that I have provided that it is only for 
excess labour that this subsidy will be available. For this purpose it will 
be necessary to have a datum line which can be fixed on a certain day for the 
number of people employed in the factory, and only in respect to any exce^ 
above that number would the scheme operate at all. To the firm employing 
the additions^! workers, I would give the advantage, not of the full benefit— 
the whole. 235. —but 75 per cent, thereof. The other 25 per cent, would go 
immediately to relieve the unemployment insurance fundi In "that way 
there would be a direct benefit to the taxpayer, as well as to the workitian 
and the employer, for every man who was taken on. The object of the com¬ 
mittee already described would be to decide whether or not the granting of an 
api^ication for additional workers would increase the total volume of trade, 
and^ therefore, of employment. Unless a greater volume of trade was actually 
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forthcoming, the i^eme would not be fulfilling any useful purpose; indeed, 
it would have a harmful purpose, because to subsidise business is obviously 
uneconomic. One of the important points is how this scheme is to come to 
an end. The difficulty of all schemes of the kind is to discover some automatic 
mekns of closure. I have endeavoured to do so in several ways, and I have 
varied the method which I first published in the pamphlet I have circulated, 
because on going into the matter further it seemed to me that the method 1 
have now adopted (as set out in paragraphs (9) and (10) of the scheme as 
given above) was more likely to answer the purpose. 

Those are the bare bones of the scheme, and I will endeavour to fill out some 
df the more important points only in the remarks I now have to make to you. 

The first point concerns the functions of the committee which I have already 
mentioned. These committees could either be trade committees in thefr 
district, with a co-ordinating national committee, or local committees repre> 
senting various industries. They would be rather on the lines of the local 
unemployment committees which exist to-day. I have already outlined to 
you the procedure they would follow. Their work would be responsible. 
They would have to satisfy themselves that the worker applied for would not 
merely mean transference of work from firm A to firm B. The employer 
would have to convince the comiilittee that the granting of his application 
would provide new business which otherwise would not come into the country 
at all or would not be executed. This would be the essential and irrevocable 
criterion. The criticism which has been made of my scheme, criticism which 
has been repeated, I am sorry to say, by the Minister of Labour, seems to 
overlook certain important points. The argument always seems to be based 
on a series of fallacies. The main fallacy involved is the fallacy of looking 
on industry as a static instead of a dynamic organisation. It is always assu med 
that if A and B are competing, and B gets an order, A loses it. That would 
be quite true if the volume of business in the world was definite and fixed. 
But the fact is, there is not x business in the world, , there is x plus y, and y 
is the unknown factor. It is to obtain this imknown y that my scheme is 
framed. I cannot tell you the dimensions of y, all I know is that there is y. 
Therefore, when the Ministry of Labour and others say that my scheme is 
useless and will achieve more harm than good, simply for the reason that it 
will take work from a firm which has got it and give it to another which has 
not, my answer is that that is by no means true, that if the volume of trade 
.can be increased, firm B, which to-cl^ is working with half its complement 
of men, can perfectly well be put oh a complete complement of men without 
firm A suffering in any way. The objection is not true in practice, it is true 
only in hypothesis. Take one of the main industries, such as shipbuilding, 
r.l believe examination would show that there is practically no firm, however 
eminent and capable^ which to-day in the depressed industries is not working 
below its xoo per cent, capacity—^and very considerably below. 
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But these inequalities in reality would not exist. I cannot understand 
the contradiction in people's minds when they one day make the welkin ring 
with a cry because a Dutchman or a German has got an order for a ship or 
a Belgian an order for a railway tyre, and the next day, when you produce 
a scheme which will enable some of them to employ more men, turn it down 
on the ground that it would help one firm at the injury of another. It is for 
the national prosperity that somebody in this country should get an order, 
that somebody should get employed, that something should get started. 

I feel amazed at the main line of the argufpent and discussion which I have 
been compelled to carry on with critics of this scheme for a considerable time. 
It is apparently on this ground finally that the Minister of Labour in the present 
Government has told the country that my scheme cannot be adopted. I 
contend—and I hope I have convinced the members of the Government— 
that the machinery of the committees which my scheme would create to safe¬ 
guard these points would result in an efficient guardianship against inequality 
and waste of public money. I do not say that on no occasion, in no way, oV in 
no manner, somebody would feel aggrieved, but I would venture to say this, 
that there is no scheme of amelioration in existence to-day which does not 
operate inequitably as between different industries and different firms. There 
are some industries in which unemployment is almost non-existent, yet they 
have to bear the heavy burden of the general load. In national health insurance 
there are numbers of people whose health is never affected, and yet they have 
to contribute. It is no answer to the scheme I am putting forward to say 
that inequalities might occur, and that, therefore, one must sit still and do* 
nothing. There is, of course, not an unlimited and absolute universality to 
>Vhich my scheme can be applied. From its very nature, and from what I 
have said already, it will be understood that it lends itself more readily to 
what I might call solid business of a big character than it does to business of 
a more fluid kind. It is obviously easier in the case of ships or big engineering 
work—^bridges and things of that kind—for the employer both to undertake 
definitely to engage men for a number of months at definite rates of wages,' 
and also for him to demonstrate that his work is work which otherwise would 
not be obtained. But it is just in the industries which now are most 
depressed that the scheme would be most operative. 

I would like to say a word about the other industries. When I had the 
honour of explaining the scheme to representatives of industry I was gratified 
to And the ready response which came from those to whom I frankly said 
that for them probably there would be no advantage in the scheme at all. 
What they felt was that in our present condition of industry it was not for 
people to look in a selfish, narrow way after their own industries, and that 
any scheme—even if without benefit to themselves, they contributed, as they 
would do> to the unemploynient fund—^which brought about the g^eral benefits 
was a scheme they should support. It is really in this attitpde that thia. 
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^eme has to be surveyed. It is in this way that it must be treated. It is 
imix)ssible, without experience of the thing in practice, to meet every possible 
d^culty and objection. But I would prophesy this, that most of the 
difficulties which are raised now in anticipation would probably never occur, 
sui<| many difficulties which no one sees now would make their appearance. 
That is always the case in social legislation. You can only hammer this thing 
out on the anvil of practice. It is only when you have the thing going— 
and you can go cautiously, slowly, if you like, I am by no means a rash person 
—that you will begin to see whether or not the difficulties anticipated do 
arise, and, if so, how you arc going to surmount them. We are not entirely 
deficient in adaptability or practical genius in this country. The scheme to my 
ikind presents no practical difficulties which are not capable of being overcome. 
I have endeavoured to foresee and forestall difficulties, to meet criticism^, 
and to make changes where criticism seemed to justify them. ^But there comes 
a point when you cannot proceed on these lines any further. In every discussion 
which I have attended, some individual will raise some new hare, and if ypu 
course them all, the pack finally gets so split up that no hare at all is caught. 
And if you go zigzag, and take your course down every b5^ay, you will never, 
in a complex community like ours, carry through any scheme. 

I believe that this scheme will achieve a great part of its object. The worst 
thing it could do would be to fail. The worst thing that could happen would 
be that it became necessary to repeal it. The worst possible event would be 
that no more people would be employed than are employed now; it could not 
mean that less people would be employed. When you have deterioration of 
human material and the attendant misery, when you have an apparent in¬ 
ability to pull oiirselves up out of the slough of despond, on the one hand, 
and, on the other hand, when you have a scheme which affords a glimmer of 
hope of improved conditions, why should you not, at any rate, give it a trial ? 
See what it can do, and if it fails—^as I do not believe it would fail—^you would 
be in no worse position than you are to-day. But if it succeeds you might 
be in a very much better position. Such a scheme would help to justify our 
present order of society, which to-day is being attacked daily, nightly, weekly, 
by those who claim that it is a failure, and that we have not the capacity 
nor the ability nor the desire to alleviate the present conditions. I say if 
you succeeded you would have done, to my mind, a fimdamental thing—^not 
merely in an economic sense, but in a much wider sense—^to re-establish the 
confidence of the toiling millions of this country, not in those who want to 
lead them on the road of revolution, but in those who believe our existing 
social sthicture is capable of solving the difficulties and the miseries of the 

situation. - 

DISCUSSION. 

The Chairaian (Sir Robert Hadfield) said that the Society had listened with 
intense interest ton masterly address. There were a number of eminent authorities 
preftt^t* and he hoped'they would take part in the discussion. 
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The Right Hon. Sir Henry Norman, Bt., welcomed the opportunity of expressing 
his thanks to Sir Alfred Mond for a very interesting and instructive and, if he might 
use the term, a very genuine address. The gravity of the problem was unfortunately 
a commonplace, and it was rendered in some respects more grave by reason of the 
fact that those who had the ear of the public were not always those who had the 
knowledge of the conditions necessary for forming a just estimate of the present 
and of the future. Many of the politicians who had the ear of the public had not 
the knowledge—with all respect to them be it said—whereas business men who 
really knew the state of things very often had not the ear of the public. Sir Alfred 
Mond, fortunately, combined the two things. He had an intimate personal knowT 
ledge and experience of great business, and he was listened to in politics. The 
speaker would refrain from applying the line, '*The shallow murmur but the deep 
are dumb,'' but in Sir Alfred Mond they had a man who combined deep knowledge 
of the problem with the faculty of impressing his fellows. He had made a remark¬ 
able contribution to this great problem. The speaker had studied the scheme as 
carefully as he could. He saw, as they must all see, a number of objections to it, but 
he had never seen any great public scheme which was without its. serious objec¬ 
tions. It might be that in some respects Sir Alfred had made mistakes, but a 
great man said that those who never made mistakes never made anything, and 
the situation was so serious that the attempt should be made in every possible 
direction, no matter how new or uncertain, provided it could be seen that no 
gravely injurious consequences could ensue. We were afraid, in this country, of 
new ideas—the idea, for instance, that the consumption of raw coal must cease 
l)efore long, or that the question of birth control was almost more important to 
us than the League of Nations. Novel ideas and conceptions ought to be faced 
with courage. Sir Alfred Mond’s scheme was a novel one ; even if it were proved 
not to fulfil all the hopes and expectations that he and others cherished, it would 
have no grave injurious consequences, and if, on the other hand, it was sound in- 
conception and in execution—and he did not think any man was more capable of 
judging the effect upon industry than Sir Alfred Mond—then its benefit might 
be so great as to be almost incalculable. 


Mr. J. A. Seddon, C.H., said that from the first moment when he read what 
Sir Alfred Mond had published on this ijuestion he felt that here wsis a man with 
vision and courage and one not afraid of putting forward what he thought to be a 
contribution towards the solution of this problem, which, in the speaker's judgment, 
was the greatest problem of the present moment. In 1914 when the war broke out 
many politicians and statesmen had to scrap all their preconceived ideas, economic 
and otherwise, and, with very few exceptions, they did it right nobly to save the 
country from a grave disaster. He ventured to say from very close association 
with the unemployed workers of this country that the menacing danger from 
unemployment was as great to-day as was that from invasion during 1914* during 
the last twelve months or so he had laid himself out through various channels and 
agencies to get closely in touch with the unemployed worker. It was possible 
almost to classify the various men to whom the dole was a godsend. There were 
some who had never worked before and never wanted to work. There was 
the adolescent who had never learned any trade whatever; his condition was 
tragic. But he wanted to point out more particularly the effects of unemployment 
on the great mass of working men who had solid British commonsense and a keen 
desired work if they were given opportunity. He had discussed the problem with 
scores, he might say, hundreds of them. Within three months men who had had 
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eourage began to have their doubts; ivithin six months their hopes had gone, and 
they were fit material for revolution. Their attitude was one of hopelessness. 
They were apt to say that things could not be worse, even under revolution, than in 
their present state. When the morale of the best type of working-men was destroyed 
the high road to national decay lay open. Therefore, the speaker welcomed Sir 
AlfrM Mond's determination to find a way out. When the Minister of Labour was 
echoing what to the speaker’s mind were superficial objections it was time for the 
man in the street and the business man to say what was said many years ago by a 
well-known statesman, ‘ ‘A plague on your politicians! ’ * It was time to exercise that 
common-sense which was claimed as a characteristic of the race. He believed that 
Sir Alfred Mond’s scheme was along the lines of common sense. He knew that 
many of the men who gathered at the street comer were snatching at this new hope 
a) a drowning man clutched at a straw. They said that at last somebody who was 
a politician and who also understood business had declared that there was a way 
whereby those who were willing to work should not be condemned to the degradation 
of drawing the dole or poor-law relief. He himself was ready to go to the street- 
comer and commend the scheme. 

Mr. Robert H. Thorburn asked whether the scheme could not be carried further 
so as to strengthen the formula of x plus y. The scheme would be objected to to-day 
on the ground that y represented nothing. There was a way of strengthening y. 
lie asked the audience to have regard to the deficiency of 25 per cent, in the export 
trade. He quoted from three members of Parliament with whose opinions on other 
matters he was not in agreement—namely, Mr. Wheatley, Mr. Tom Johnston, and 
Dr. Haden Guest —suggesting that imports should be prohibited of articles which 
this country was capable of producing in the full measure of the demand. He had 
devoted a good deal of time to the study of this and simijar problems, and had made 
an original investigation into so-call^ “invisible exports.’' He had examined 
Board of Trade methods and found them absolutely rotten and defective, and the 
principal explanation of this situation was over-importation—the importation of 
so many things for which there was no corresponding export. There was colossal 
over-importation going on in this country. Why should not all imports of motor¬ 
cars be prevented instead of having put upon them a duty of 33 per cent.? 

Sir Frank Baines, C.V.O., C.B.E., said that he had had the privilege of serving 
under Sir Alfred Mond, and in that capacity he had had wonderful evidence of his 
power of synthesis, as indeed had been shown again in the review of the situation he 
had placed before the Society that evening. Sir Alfred Mond had stated admirably 
the broad facts of the situation, he had suggested where the disease mainly lay, he 
had recognised that unemployment was the Achilles heel of modem civilisation. 
But Sir Alfred approached the subject with caution—some might even think with 
too much caution, and might wish that he would throw a little of that political 
caution to the winds. But he had been extraordinarily suggestive. He was the 
cme politician whose general reputation had increased quite apart from whether he 
was in or out of office. One of his distinctive features was his power to think aloud. 
When the speaker was serving under him he repeatedly dropped ideas, so to speak, 
by the way—as, for instance, that the enemy should be made to pay the indemnity, 
not in the maiic ner in gold, but in goods which we ourselves could not produce; 
and, again, that this country seemed to have its eye magnetically held by that.great 
country on the other side of the Atlantic to the detriment of every other field of 
It had been a |;reat pleasure again that evening to listen to his masterly, 
synthesis and expositidn. 
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A Member of the Audience said that he believed every applicant for benefit at 
the Employment Exchanges had to prove that he or she was genuinely seeking 
work. He suggested, therefore, that if the committees did their duty there ought 
to be no slackers in the country generally. 

The Chairman said that the Society would wish Sir Alfred Mond godspeed in 
this excellent work, and his paper would be appreciated not only by those present 
that evening, but by a very large circle of readers. 

Sir Alfred Mond said that he would not indict another speech on the audience* 
He only wanted to say how much obliged he was to Sir Robert Hadfield and others 
who had encouraged him to go on with his work. It would take him too far to enter 
the whole field of economics by discussing the question of the total prohibition of 
imports; that would be to keep the audience there all the evening. 

Sir Robert Hadfield had prepared certain remarks to make on introducing 
Sli Alfred Mond, but in view of the desirability of giving th^ lecturer as 
much time as possible for the exposition of his scheme, he did not deliver them. 
What he had intended to say was as follows: 

In his recent proposals to use unemployment insurance funds to subsidise unem¬ 
ployment Sir Alfred Mond has made a bold bid to cope with this most serious ques¬ 
tion. Whatever may be the final result with regard to the adoption of his plans, 
at any rate he has done great service to our country in stirring up full consideration 
of this vital question of the day. 

Unemployment is the subject which has baffled the minds of the wisest of the wise. 
The finest intellects amongst our politicians, year after year, decade after decade, 
in fact one might add generation after generation, have tried solutions, but with 
little success. 

Sir Alfred, in a recent speech at the meeting of Messrs. Brunner, Mond & Company, 
pointed out that we had reached an economical crisis in British industry, perhaps 
one quite as serious as the war crisis, and that there were many industries tottering 
towards disaster. 1 believe that most of those present this evening will agree that 
this is perilously near the truth. The present excessively severe depression is 
undoubtedly one resulting from the aftermath of the gigantic world cataclysm known 
as the Great War. 

That the times must indeed be bad is shown by a statement made by the Prime 
Minister only a few days ago, in which he said that not only was his income about 
one-fifth of what it was a few years ago, but that for the last three years he had 
been doing what he never had done before in his life, namely, living on his capital 
and borrowing. 

We know that during the war there was no unemployment, everybody was busy, 
each one having his work set out and allocated,, and each did this to the best of his 
ability. Now, alas, everything seems disorganised and chaotic. Most Englishmen 
and Englishwomen deplore the dole system, the leaders and chief workers quite as 
much as the employer, but some such pl^n could hardly be avoided immediately 
after the war with all its attendant upset. 

Speaking personally, when recently walking round our own works at Sheffield, in 
which city there are, alas, still 27,000 men wanting employment, it is difficult to 
imagine that these works were occupied during the war by some 13,000 busy workers, 
yet now we can hardly support one-third of this number. The will to work is there, 
but want of work makes it impossible to give employment. This is the fault neither 
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of master nor n^. Everyt^g during the war, as regards productio|i, was a jgreat 
success, but during pe^ every thing, s^ms tq be a failure. The same willing 
workers are ready to work ; the same chiefs and he^s of large firms are there to. 
direct operations ; but, unfortunately, there is little or nothing tp direct. 

. Capital says, “Work more and more will be paid; Labour at present says, 
“\\>rk less and get more money,” wlpch is an impossibility, because it is like 
trying to make water run uphill. Probably both sides are wrong. As regards 
Capital, , there is not the work in existence, and as regards Labour, surely it is 
a wrong principle to go against one of Nature's laws, proposing to do less work 
and yet obtain higher values in return. 

The following information with regard to the unemployment position in. this 
country may be useful, and 1 thought might be added to the discussion this 
evening. Some portions of these notes are prepared from information received 
direct from our works in Sheffield, through the joint Managing Director there, 
Mr. P. B. Brown:— 

The following is roughly the present position of unemployment:— 

Last week in * 

Unemployed. April, 1925- April 1924. April 1921. 

National .. .. 1,250,853 1,052,472 1,854,059 

Sheffield .. .. 24,356 23,019 59.196 

• During the last week in April, 1925, the large sum of nearly £i)oy,ooo was paid out 
in unemployment pay through all Exchanges, of which ;^i8,ioo was paid through 
the Sheffield Exchange. The National Unemployment Insurance Fund is now 
overdrawn to the extent of about seven million pounds, indicating that a crisis, 
such as the one through which we are now passing, was never contemplated by the 
actuaries who went through the figures whilst the Insurance Bill was passing through 
the House of Commons. 

In contradistinction to the foregoing, the position of the Health Insurance Act 
may be mentioned, under which the Government seems to have been able to accumu¬ 
late a surplus of thirty million pounds—as shown by a short article which appeared 
in the Sheffield Daily Telegraph of May 19th, 1925, to the following effect; 

” The Sheffield Joint Hospitals Council is to take an important part in the 
deliberations of the Royal Commission which is sitting to consider how the National 
Health Insurance Fund can best be used in the interests of the community. The 
Commission has invited the Council to give evidence on Thursday, May 28th. A 
deputation, headed by Sir Henry Hadow, the Vice-Chancellor of the University, 
has promised to attend, and will put forward a claim on behalf of the Voluntary 
Hospitals for a portion of the surplus which accumulated from 1919 to 1923. 

After allowing for every liability there is likely to be a surplus of fully thirty 
million pounds for distribution in Wnefits to insured persons in this country. This 
will allow for no less than £2^0,000 for division amongst insured persons in Sheffield. 
The voluntary hospitals, which are suffering from serious financial embarrassment, 
maintain that a percentage of this sum should be allocated to them.. One reason, 
why this claim is made is because the hospitals are providing in-patient treatment 
for a very large number of insured persqps who are already contributing to the. 
National Health Medical Service.” 

In Sheffield I know that employers have done and do their utmost to keep as large 
a number of employees on their books as possible. In most of theiarge works short 
time is now being worked for the express purpose of finding sufficient employment. 
for the men to enable them to be kept off the list of those who obtain either unem¬ 
ployment pay from the. Government or doles from the,Guardians. 
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PubHc sentiment, as voiced in the Press, by Municipalities, by the Board of 
Guardians, and by the Trade Unions, is unanimous in recommending that this 
endeavour to keep as many men as possible in emplo3mient should be continued. 
Many employers, like my own firm, are doing their utmost in this direction, when, 
as a matter of factt if we thought only of our own selfish interests, it would be much 
more economical to work a full week with a reduced number of men. 

Unfortunately, th^ proposal of the present Chancellor of the Exchequer to levy 
fourpence per man per week from the employer, and a similar amount from each 
workman, will tend to go a long way towards preventing employers continuing 
their endeavours in the direction above indicated. 

Just let us take the present position. Under the Unemployment Act, the 
employer pays tenpence and the workmen ninepence (total is. 7d.) per week, quite 
irrespective of the number of days a man may work in any week. Under the Health 
Insurance, the contributions are fivepence per week from the employer and fivepence 
per week from the workman, and that amount also has to be paid whether a man 
works one, two, three, or six days in the week. 

The new contributory scheme would add another fourpence from the employer 
and fourpence from the workman, which, as will be seen, is an extremely heavy load, 
especmlly when three days only per week are being worked. It is twice as heavy as 
if the men were working six days. This is a most important point. 

All these charges go to increase our costs of production, and make it the more 
difficult to compete with Continental nations. The cumulative effect on Industry 
is very great, as they apply not only to those who get out from the earth the various 
raw materials required, such as coal, and ironstone, but to all other works engaged 
in the intermediate processes, including transport and others. 

At the moment I do not recollect having seen an estimate of the total cumulative 
effect of the Unemployment and Health Insurance Acts, say on a complete engine, 
machine tool, or ship, but the total extra cost must be very great. Whilst few to-day 
would advocate the cancellation of such humanitarian measures as Old Age Pensions, 
Health and Unemployment Insurance, the time has arrived when very serious 
consideration should be given as to whether such burdens should not be taken by 
the nation as a whole, rather than by the direct employers of labour, upon whom 
most of the burden is saddled. 


NOTES ON BOOKS. 


Helmholtz’s Treatise on Physiological Ortics. Translated from the Third 
German Edition. Edited by James P. C. Southall. Volume I. Published by 
the Optical Society of America; also George Banta Publishing Company, 
Menasha, Wisconsin, U.S.A. 

Many, difficulties had to be overcome before the long-delayed English version 
of this great work could be satisfactorily produced, and the honours seem to rest 
wholly with those on the other side of the Atlantic, while the immediate gain is 
to all those who use the English language. 

Professor James P. C. Southall, who occupies the Chair of Physics in the 
Columbia University, managed to gather around himself a little group of enthusiasts 
whose aim was to give a true rendering in English of the real Helmholtz as he 
thought, spoke, wrote and illustrated, no mean task considering the colloquial 
but highly technical style of the illustrious pioneer, and also the fact that modes 
of expression and thought in physics have changed considerably siqce Helmholtz 
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i¥rote the matter for his first edition of 1866. After a very thorough consideration 
of all the circumstances, which are sufficiently explained in the mass of prefatory 
niatter, it was deemed expedient to make the present translation from the 
posthumous third German edition, which appeared in three volumes, 1910, 1911 
and 1912 (see pp. X-XIV of prefatory matter), which edition reverts to the first 
and original text of Helmholtz as it appeared in 1856, i860 and 1866. Thus, 
the second edition, which appeared in 1885 is left out of count altogether, and we 
may assume that it was from this second' editic n that it was proposed to make 
an English translation about tv'cnty-five years ago a proposal which appears 
to have fallen through because Professor Arthur Kdnig and the heirs of Helmholtz 
objected to it as being unfair to his memory. (See letter in Nature, March 21st, 
1025, also compare p. XII of the work now under notice.) 

* The great work of Helmholtz has been so well known in its German form for 
nearly three-quarters of a century that no detailed description is required, but 
we may remark that in respect to clearness, logical form and sequence, with 
pertinent illustration by instrumental means easy to obtain and use, the work of 
Helmholtz is comparable with Faraday's Lectures on a candle. 

. The text and apt illustrations of Helmholtz as now presented to the English 
leader are accompanied by notes, references and such new matter as is now desirable 
to supplement that original text which is translated but otherwise untouched ; 
also we may remind individuals and institutions that the first volume now before 
us consisting of XXI -f- 482 small folio pages, with portrait frontispiece and 149 
illustrations in the text, should be secured promptly, and that Vol. II is 
published and Vol. Ill nearly ready. 

Monumental Brasses of Berkshire. Illustrated and dercrihed hy H. T. 

Morley. Reading: Electric Press. £1 ia. 

Mr. Morley set himself no light task when he endeavoured to form a complete 
Kst (with illustrations of the effigies) of the monumental brasses laid down before 
the i8th century and still remaining in Berkshire. The county is very rich in 
these interesting memorials: what its wealth would have been had not the 
vandalism of the past and the carelessness of the custodians played havoc amongst 
them, one can but guess. Churchwardens found them useful, says Mr. P. H. 
Ditclffield in his foreword, and sold the metal in order to defray reparation works 
in the churches. Restorers ” have also been guilty, taking up the brasses and 
forgetting to replace them. Of the 50,000 brasses which, it is estimated, existed 
in England in the Middle Ages, only a tenth remain to-day. 

The volume contains 160 illustrations, and the author’s descriptions deal with 
the costumes of the ladies, vestments of the ecclesiastics, armour of the soldiers, 
heraldic emblems, etc. Nearly all the illustrations are made from rubbings taken 
by Mr. Morley himself during the last thirty years. The work, which is admirably 
printed, is a valuable contribution to the antiquarian lore of Berkshire. 

Modern Inorganic Chemistry. By J. W. Mellor, D.Sc. New Edition. 

London : Longmans, Green & Co. 125. 6 d, net. 

Previous editions of this book have occupied a well-merited place on the shelves 
of most of those engaged in the teaching of chemistry, and no doubt many replaced 
the old by the new on being informed by the publishers that an entire revision 
had,been undertaken, the number of pages being increased from 930 to i|i23, and 
the price neverthden remaining at its former astonishingly low figure. Thus it 
was that the present writer, at all events, was in the happy position of having 
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attained some familiarity with the new edition before being called upon to attempt 
a review. 

As many know, although the book is mainly devoted to systematic inorganic 
chemistry, the physical aspect of the subject is also developed in a series of sections 
inserted at appropriate points, illustrating the physical questions as they arise. 
With regard to the inorganic portion, one need only say that there is gener^ agree¬ 
ment as to its excellence. One looked, naturally, in a revised edition for the 
correction of small errors, and was glad to observe the deletion of the statement 
that both diethyl sulphites furnish sulphurous acid when treated with water. In 
one instance, namely that of the dimorphism of potassium nitrate, p. 612, the 
correction has been incomplete. In the 1912 edition the relative stabilities of the 
rhombic and rhombohedral forms were transposed, and the error has been allowed 
to remain in one sentence, so that there is a contradiction in the text as it now stands. 

There are still some errors in the spelling of proper names. For English writers 
to refer to Jacobson as “ Jacobsen '' (p. 511) is curiously common, but one took 
“ Kohlrauch ** to be a printer's error until finding this form repeated on another 
page and also in the index. 

Turning from the inorganic to the physical side of the book, it is impossible to 
avoid the comment that the latter is not on the same plane of excellence as the 
former. Much might be said on the broad question of whether it is useful to 
attempt physico-chemical teaching in dispersed paragraphs in an inorganic text¬ 
book. Certainly many competent teachers could be found to commend the method, 
but it can hardly be denied that such condensed presentation as is here attempted 
makes very great demands on the student's capabilities. Moreover, it seems 
extraordinarily difficult to treat the subject on these lines without being led by the 
need for brevity into actual unsoundness, and the reviewer noted many passages 
which seemed to him incapable of sustaining a critical scrutiny. 

What, for example, is the student to make of the section appearing on p. 363 ? 
At the head is set a quotation : “ Those bodies only are electrolytic which are 
composed of a conductor and a non-conductor.—W. A. Miller " ; while we read 
later in the section that: “ Some fused salts—e.g., silver chloride—conduct 

electrolytically . . . ." But what is much worse is that the section begins by 
saying : " The more care taken in the purification of water, the less will it conduct 
electricity, and consequently it is assumed that pure water is a non-conductor, 
in spite of the fact that perfectly non-conducting water has not yet been made." 
On reading this, it will occur to any intelligent student that he has heard of the 
ionization of water, and he will probably look in the index for a reference to this 
subject. Baffled here, he may possibly not persevere sufficiently to discover 
how the subject of salt hydrolysis is treated ; but if he does so far inquire, he will 
find, on p. 538, statements as to the conductivity of water definitely contradicting 
the one last quoted. 

Again, one cannot really be satisfied with the definition of Phase Rule components, 
p. 193 : " The components of a system are those substances which take part in 
the reaction, but which are not decomposed in the process." This is an ingenious 
rulie, shorter and neater than those usually given, but it appears to the reviewer 
to be fallacious. It needs a most sympathetic stretching of the meaning of words 
to apply it, as is done on p. 197, to the steam—iron system, where the components 
are list^ as iron, oxygen and hydrogen; but a more definite test is provided by such 
systems as that of potassium cyanide—^water. This, in virtue of the production 
and volatility of hydrocyanic acid, is one of three components, as may easily 
be seen, by considering a S3r9tem of the solid salt, ice, eutectic solutidn and vapour. 
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The composition of the solution here depends on the relative volumes of liquid 
and vapour; if the latter is enlarged, the quantity of hydrocyanic acid in it is 
increased, and in this way the concentration of potassiun^ hydroxide in the solution 
can be given any desired excess over that of the hydrocyanic acid in the same phase. 
Thus four phases do not suffice to produce a non-variant system, and three compo¬ 
nents are, therefore, present; but no conceivable application of Dr. Mellor's 
ruie could give this answer. 

To use Boyle's Law, as is done on p. 150, in proving that a perfect gas would 
pass isothermally through a Joule-Thomsbn apparatus, is surely a petitio pHneipti, 
because Boyle's Law, even for a perfect gas, does not hold unless the temperature 
is constant. 

There seems to be a serious error in the phase equilibrium diagram for sulphur 
on p. 477, in that the stable melting-point curve for the rhombic variety is definitely 
'drawn as a prolongation of the transition curve, instead of as a continuation of the 
metastable rhombic melting-point curve ; and the accompan)nng text is^ so 
ambiguously worded that the uninformed student is given no reason to suspect an 
error. 

There are many other instances in the physico-chemical portions of the book 
where similar complaints might, as it seems to the reviewer, be lodged ; and his 
conclusion is that, while these portions provide many useful facts and interesting 
reflexions for those who have mastered the elementary theory of the subject, they 
also present numerous pitfalls to students, who ex hypothesi have not done so. 

T&e Fats. By J. B. Leathes, M.A., M.B., F.R.S., and H. S. Raper, C.B.E., M.B,, 
Ch.B., D.Sc. Second Edition. London: Longmans, Green and Co. 125. 6 d. net. 

This book, which is one of the well-known series of Monographs on Biochemistry, 
has been out of print for some considerable time, and its re-appearance in a new 
and enlarged edition will be welcomed by many. Roughly speaking, it is divisible 
into two fairly distinct parts, one purely chemical and the other physiological. 
The former, in three chapters, deals with the chemical and physical characteristics 
of the fats, the fatty acids, glycerine, and other alcohols which may take the place 
of glycerine ; also with the extraction, identification and estimation of the various 
substances concerned. One wished it had been thought possible to devote a little 
more space to the recent work of McBain and his co-workers on soaps, though 
it must be admitted that it was not easy to select any particular paragraphs which 
might have been sacrificed for this purpose. The statement, on p, 5, that In an 
absolute vacuum lauric acid boils at 89®, stearic acid at‘128®," is surely a slip of the 
pen. 

The second or ph3rsiological division has been greatly expanded in the present 
edition, and now occupies well over half the book. Beginning with an account of 
the existence of fats in nature and a discussion of the possible methods of their 
origin, it goes on to describe their digestion and absorption in the animal body, 
their occurrence in the blood stream on their way to the organs, their transfer to 
the organs and storage there, the discharge into the blood of such reserve fats to 
meet certain contingencies, both normal and pathological, and, lastly, the process 
of oxidation by means of which the fats perform one of their most essential functions, 
the provision of energy. 

A final chapter of great interest is devoted to a consideration of the idea that 
** storage " is not quite the appropriate word for the state of the fats while contained 
in the organs, since their mere presence there serves purposes of the utmost 
importance to the oiganism. This last chapter is followed by an excellent biblio- 
graphy, whidi should add appreciably to the value of the book« 
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NOTICES. 


CHAIRMANSHIP OF COUNCIL. 

On Monday, July 13th, at their first meeting in the new session, the Council 
elected Sir Thomas H. Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S., Chairman 
for the ensuing year. 


PRESENTATION OF THE SOCIETY’S ALBERT MEDAL TO 
LIEUT. COLONEL SIR DAVID PRAIN. 

The Council of the Royal Society of Arts attended at Clarence House on 
July loth, when Field-Marshal H.R.H. the Duke of Connaught, K.G., President 
of the Society, presented the Society’s Albert Medal for 1925 to Lieut.-Colooel 
Sir David Prain, C.M.G., C.I.E., M.B., LL.D., F.R.S., “ for the application of 
Botany to the development of the raw materials of the Empire.*' 

The members of the Council present were:—Lord Askwith, K.C.B.. K.C., 
D.C.L.. Sir Charles Stuart Bayley, G.C.LK., K.C.S.L, Sir John H. Biles, K.C.I.E., 
LL.D., D.Sc., Captain Sir Acton Blake, K.C.M.G., K.C.V.O.. Sir Robert Abbott 
Hadheld, Bt., D.Sc., F.R.S., Rear-Admiral James de Courcy Hamilton, M.V.O., 
Sir Thomas Holland, K.C.S.L, K.C.LE., D.Sc., F.R.S., Colonel Sir A. Henry 
McMahon, G.C.M.G., G.C.V.O., K.C.I.E., C.S.I., Hon. Sir Charles A. Parsons, 
K.C.B., LL.D., D.Sc., F.R.S., Mr. Carmichael Thomas, and Sir Alfred Yarrow, 
Bt., F.R.S., M.Inst.C.E., with Mr. G. K. Menzies, M.A. (Secretary of the Society) 
and Mr. S. Digby, C.I.E. (Secretary of the Indian and Dominions and Colonies 
Sections). 

Lord Askwith presented Sir David Prain to the Duke of Connaught. 

Lieut.-Colonel Sir Malcolm Murray, K.C.V.O., C.B., C.I.E., was in attendance 
on His Royal Highness. 
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DOMINIONS AND COLONIES SECTION. 

An Extra Meeting will be held on Monday, July 27th, at 4.30 p.m., when 
Professor W. A. Parks, Ph.D., President of the Royal Society of Canada, 
jWd President of the Geological Section, British Association, 1925, will 
jread a paper on ** The Mineral Resources of Northern Ontario.'' 

Sir Richard Redmayne, K.C.B., M.Sc., M.Inst.C.E., M.I.M.E., M.I.M.M., 
F.G.S., late Chairman-Governor, Imperial Resources. Bureau, will preside. 

Tea and coffee will be served in the Library from 3.45 p.m. 

PROCEEDINGS OF THE SOCIETY. 

DOMINIONS AND COLONIES SECTION. 

Thursday, June i8th, 1925. 

The Rt. Hon. J. H. Thomas, M.P., late Secretary of State for the Colonies, 
in the Chair. 

The Chairman, at the opening of the meeting, said it was a real pleasure to him 
to accept the compliment of being invited to preside over such a distinguished 
gathering. Twelve months ago he had the honour of controlling the destinies of 
the Colonial Office, and on the present occasion he was taking the chair for one of 
his successors in that Department. He absolutely refused to express any opinion 
upon the merits or virtues of the change; he would rather leave that for the political 
platform. But whatever the political differences and party labels might be, there 
could be no doubt that whoever was called upon either to ^minister or to take an 
interest in Colonial matters could not be long in the Department without being 
brought face to face, not only with the problems but the wonderful possibilities of 
Africa. Going to the Department as he did more handicapped probably than his 
predecessors or successors but no less determined to do the right thing, he often felt 
that when they talked of the great British Empire, of its past and its possibilities, 
no one seemed to have yet realised the part Africa must play in the future. The 
British Empire was essentially a trustee in Africa, and no harrow interpretation 
must be placed upon that word. Trustee meant, if it meant anything, that for 
those millions of people they must always be determined to do the right thing, but 
equally they must be prepared to encourage, help and protect those settlers who 
played the part of pioneers; and above all help and encouragement must be given 
to those responsible for the administration on the spot. No man could sit in Down- 
•ing Street and assume that he could run the Briti^ Empire. He wrote a book on 
-how to govern the British Empire, but he never remembered, when any of the 
problems connected with it were brought home to him during his term of office by his 
very highly efficient staff, ever once saying to them, "Turn to page 42 of my book and 
you will find the answer." He soon discovered, what all practical men discovered, 
that the only way to do the right thing was to face the facts as they were ; not to be 
blinded by past prejudice and even forget some of the speeches that one had made, 
being determined to deal with facts as they existed. He was so struck with the 
wonderful possibilities as well as the necessity of tackling the African problem in 
its broadest and widest sense that he determined to have first-hand knowledge. He 
was still in hopes that he would be able to visit East Africa. When he asked the 
Coihmission, which included as Chairman the author of the paper about to be read. 
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to go to East Africa, difficult as was the task Mr. Ormsby-Gore readily accepted it. 
Those who had had the advantage of the friendship of Mr. Ormsby-Gore knew the 
keen interest he had always displayed in such problems. He (the Chairman) was- 
quite sure Mr. Ormsby-Gore learned much while he was in East Africa; but was 
equally quite sure that he would be unable to do all he would like to do in connexion 
with that country. The Labour Party would " ginger ” him up in that respect,, 
and give him that assistance which some of his friends lacked. 

The paper read was :— 

SOME AFRICAN PROBLEMS. 

By Hon. W. Ormsby-Gore, M.P., Under Secretary of State for the Colonies. 

Just about a year ago the Royal Society of Arts was honoured by the visit 
of Monsieur Louis Franck, some time Belgian Minister of the Colonies. Monsieur 
Franck then read a both valuable and interesting paper on the Belgian Congo, 
and the two salient features of that paper dealing with development in Tropical 
Africa were, first, population, and, secondly, transportation. Everything 
that I have since learnt, both during my recent tour through the British 
territories in East Africa, and by my study of African problems on both sides 
of the Continent, leads me to the same conclusion which Monsieur Franck 
had reached, namely, that our first great problem in Africa is population and 
the second is transportation. These are the two first and most vital problems^ 
but to them I would add one more, namely, scientific agriculture. 

I feel that the study of these questions requires a comprehensive view and 
that the first thing we have to do is to assemble the facts. I define Tropical 
Africa as being that central portion of the Continent which lies to the south of 
the Great Sahara Desert and to the north of the Zambesi River. This vast 
fertile and well-watered stretch of the earth's surface comprises over 5,000,000 
square miles (Great Britain is 90,000 square miles). Of this area nearly half 
is under British •administration, being comprised of 1,000,000 square miles 
for the five British territories in East Africa, 1,000,000 square miles for the 
Anglo-Egyptian Sudan, and half a million square miles for the British West 
African Colonies. After Great Britain, with two and a half million square 
miles, comes France with 1,500,000 square miles in West Africa; Belgium 
third with 900,000 square miles in the Congo; Portugal fourth and Spain 
fifth. The British territories have an approximate aggregate population ot 
42,000,000, i.e., about the same as Great Britain. The French area has a 
population of about 12,000,000, as also have the Belgian territories. 

The first fact that emerges from these figures is that the present population 
is extremely sparse, and wholly inadequate for the full development of the 
vast potential resources of the area. The next fact that emerges is that 
we have very few reliable data regarding the question as to whether this small 
population is increasing, is stationary, or decreasing. As far as British 
territories are concerned, such statistics as there are would*seem to sbovr 
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that the population is definitely increasing in the Gold Coast, Nigeria and in 
the Sudan ; for the rest the best that can be said is that there is no conclusive 
•evidence that it is actually decreasing. But as regards the five British East 
African territories I think it is pretty clear that there has been little or no 
natural increase during the last 20 years. The war, of course, created very 
great disturbance and loss of life in East Africa, and is a factor which should 
not be lost sight of. Fairly reliable cen'sus returns are available in the case of 
the Gold Coast; in 1901 the total population was found to be 1*549,000; 
in 1911 the figure for the same area was 1,503,000, showing a small decline; 
and in 1921, 2,110,000, a fairly substantial increase, but how far this increase 
*was due to immigration and how far to natural increase is not clear. The 
Nigerian census for 1911 gives a total of 17,133,000 and the 1921 census 
18,070,000. As far as I can gather from the figures available, the populatfon 
of French West Africa shows a very slight increase, while the Congo shows a 
pretty substantial decrease since the commencement of the regime of the 
Congo Free State under King Leop)old, though now the tide has turned. These 
comparatively small increases in tropical Africa are in contrast with the 
conditions obtaining in South Africa, where, in some parts, the native popula¬ 
tion has doubled in 25 years, and where there is almost universally a high 
percentage of increase. 

, The outstanding feature of African tropical life is the enormously high 
rate of infantile mortality, particularly during the first twelve months of life. 
This probably accounts in a greater degree for the smallness of the population 
than the incidence of endemic and epidemic diseases later in life, though 
these are still taking gigantic toll. There ‘are, of course, the somewhat 
spectacular epidemic diseases of which sleeping sickness is the most serious 
and the most widespread, and which, during the great outbreak in Uganda, 
wiped out one tenth of the total population in one year. But there are other 
diseases which are of quite as great importance, not merely in the high rate of 
mortality for which they are accountable, but still more on account of the 
enfeebling condition which deteriorates the efficiency of the individual and 
undermines his or her vitality and resistance. I refer, of course, to malaria 
and other mosquito-bome fevers, to venereal disease, to yaws (a contagious, 
but non-venereal disease somewhat similar in character), and to helminthic 
(worm) diseases, of which ankylostomiasis (hookworm) is the most important. 

In addition to these diseases of outstanding importance we must add plague, 
leprosy, dysentery, spirillum fever, relapsing fever and smallpox. Of these 
plague is conveyed by rats, or rather by fleas living on rats, and spirillum 
fever by ticks, relapsing fever by lice, the others being contagious or infectious 
diseases more familiar to us who live in European conditions. In the main, 
it would seem that the fight for human life in Africa is in no small degree a 
fight of man against insects, a fight against the tsetse fly and the tick, the 
mosquito, the flea, and the louse. Both the tsetse fly and the tick play an 
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equally important part in the veterinary sphere and the various diseases of 
cattle and other domestic animals are closely allied, and in the case of the 
tsetse fly absolutely bound up, with the human aspect of the problem. 

From this thesis you will rightly draw the conclusion that the work of the 
medical and sanitary services is of supreme importance in Tropical Africa. It 
is important, of course, in European countries, where the strides made during 
the last century have been truly remarkable, but in Tropical Africa we are 
still only at the beginning of things, and as yet only touching the fringe of the 
problem, and the amount to be done far exceeds in scope and urgency that 
which is required in any other part of the world. As will be expected with 
such tremendous leeway to make up the efforts of the various Administrations,, 
have necessarily been directed to the alleviation of suffering and the actual 
treatment of patients. Preventive medicine, to use the usual term, which 
means sanitation, research and administration, are even more in their infancy 
than clinical treatment. The importance of these aspects of the problem are 
now generally recognised and efforts are being made to face the issues. 

The proportion of tax revenue devoted by the various territories in British 
East and West Africa to medical and sanitary services is increasing, but at 
best it is still small compared to the magnitude of the task. The amounts are : 


Gold Coast .18% 

Nigeria.10.5% 

Sierra Leone .11% 

Uganda .i 7 - 5 % 

Tanganyika Territory .141% 

Kenya .7.5% 


Population is the first limiting factor in African development, whether that 
development be by means of native production or plantation system. Apart 
from production it plays just as great a part in the problem of distribution. 
It is no use organising the production of increased wealth unless there is 
labour available to move the produce. The rapid expansion of native 
agricultural production in both Uganda and the Gold Coast has already given 
rise to serious labour problems. There is terrible congestion of cotton in 
Uganda at this moment, due in the main, not so much to any deficiency of 
roUing stock or facilities on the Uganda Railway transportation system, as to 
scarcity of labour in moving the ginned cotton on to railways and steamers* 
In order to construct the new railway in Uganda, we have been compelled to 
bring down large numbers of natives from the West Nile district, which the 
transport system does not reach at present, both for construction and 
distribution purposes. 

The native cocoa producers in the Gold Coast Colony are still fortunate 
in being able to get the services of labour from the neighbouring French, 
territories and from the northern territories of the Gold Coast, which are as 
yet too far from developed transport to be able to produce for export themselves. 
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Similarly the plantations of Kenya and Tanganyika are already short of labour 
ioT the adequate development of the estates. Therefore, whichever means 
of economic development are adopted in Tropical Africa, it is perfectly clear 
that we shall be blocked, not for want of land or want of capital, but primarily 
iot want of human agencies in all their diversity required in connexion with 
any economic activity. 

If we are to build up in East and West Africa anything in the nature of a 
peasant proprietary, larger families are an economic necessity, for it is only 
where there are sufficient members of a family, not only to cultivate the land 
and harvest the crop, particularly such a crop as cotton, but also to provide 
‘labour for all the other social services which are necessary to get that crop 
on to the sea, that there can be any permanent stability in expansion. The 
first concern, therefore, in which governments, planters, traders and native 
producers alike, are all equally interested, is to secure an increase in the native 
population. 

There is one Tropical Colony from which we have much to learn, namely 
Java, which has very nearly doubled its native population in forty years, and 
in that interval has increased its production, both native and plantation, by 
something like five-fold. 

The problems which we have to solve are not merely questions of social 
-economics but questions of life. 

I now turn to the question of transport. One of the outstanding examples 
of the waste of human labour in the world to-day is the widespread use of 
" carriers ” in Tropical Africa. In the aggregate, many thousands of tons 
of produce every year are still being carried, often for great distances, by human 
porterage. The absence of roads restricts the areas where wheeled transport 
of any kind is possible, and over very large areas of Africa where roads or tracks 
•do exist animal transport is ruled out by the prevalence of the fatal tsetse fly. 

Road making and road maintenance present special difficulties in Tropical 
Africa. A great part of the area is covered by a thick coating of soil, the 
result of the growth and decay of centuries of forest and other vegetation in 
a laiid of high temperature and high rainfall. In this connexion few things 
struck me more than the sight of the railway cuttings on the new railway 
construction in the Kenya Highlands. Before the rock, or even a gravel 
{formation, is reached, you have to cut through a section of anything between 
thirty and forty feet of rich loamy soil. In the dry seasons the surface of this 
^il is baked hard by the sun, but with the coming of the rains the so-called 
<earth roads become seas of slimy mud, impassable for wheeled traffic. The 
intensity of the tropical rains makes the maintenance of gravel or metalled 
Toads a serious and expensive problem, even where it is possible to obtain metal 
tor the initial construction. Then in many parts of Africa the white ant 
seems to possess the tiresome habit of throwing up its architectural monuments 
VI the lOiddle of your road. 
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In spite of these special difficulties, the construction of roads has already 
played a very important part in the economic development of certain areas 
of Tropical Africa. It is not too much to say that the remarkable growth of 
the cocoa industry in the Gold Coast and the cotton industry in Uganda 
is due to the development of road transport. In Uganda I was especially 
struck by the influence of new roads in opening up both agricultural production 
and trade. The ever extending network of roads in Uganda is due, in the main^ 
to the continuance of the obligation of the natives throughout the greater part 
of the Protectorate to work on the roads for one month in the year, while new 
roads are now being constructed by means of communal labour under a system 
whereby every adult male resident within a given distance from the new road 
is compelled to lum out for the work. Kenya and Tanganyika are very 
deficient in the matter of roads, particularly in the native areas. In West 
Africa the Gold Coast leads and has now 3,650 miles of good roads open for 
motor transport. Nigeria, which is one-third the size of British India, has 
at present only 2,500 miles of motor road. 

The cost of motor transport in Africa is high, partly due to the present high 
■cost of fuel and partly to the high rate of wear and tear. In order to protect 
the roads it has been found necessary in the Gold Coast to limit the size and 
weight of vehicles, and it may be that similar enactments will be called for 
•elsewhere. 

I am driven to the conclusion that the further development of Tropical 
Africa is essentially bound up with the extension of the railway systems. The 
railways can be used at all times of the year, wet or dry, and in spite of the high 
•cost of the initial capital expenditure the railway in Africa is the most potent 
mechanical agency in the spread of civilisation and economic improvement. 
By the end of this year there will be open for traffic in the three West Africa 
territories of Nigeria, Gold Coast and Sierra Leone, approximately 2,360 
miles of railway, and in East Africa, including all five territories, approximately 
2,700 miles. In India there are over 30,000 miles of railway. Throughout 
British Tropical Africa we are, therefore, only in the initial stages of railway 
construction and are still engaged in siting our main trunk lines. 

In East Africa we have to bear in mind the existence of the Great Lakes and 
the navigable portion of the Nile as invaluable collecting areas and as 
opportunities for the cheapest form of internal transport. Similarly, in West 
Africa we have the navigable sections of the Niger and the Benue as 
an important factor in railway strategy. In East Africa Lake Victoria and 
Lake Tanganyika are already connected with the sea by through railway 
communication. There remain Lake Nyasa and Lake Albert, both of which 
should be connected as soon as possible with ports of the east coast of Africa 
by means of through railway communication. 

In the further consideration of railway strategy the next most important 
factor to be borne in mind is the density of population in any particular area 
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and the capacity of the area to produce a sufficient quantity of produce to- 
make the railway pay at a reasonably early date. It is therefore essential' 
that in addition to the engineering survey for any projected line, there should 
be something in the nature of an economic survey at the same time. 

i I have alluded to the general sjxirseness of the population, but it is only 
right to point out that in particular areas there is considerable concentration. 
For instance, approximately one quarter of the total population in Tanganyika 
Territory lives in the area between Tabora and Lake Victoria. In this area 
there is a native population of over 1,000,000 of a progressive agricultural type, 
and yet it is one of the areas most threatened by the spread of tsetse fly and in 
I which transport is rendered particularly difficult on account of this pest. A 
railway right through the area seems to me to be essential. 

Turning to West Africa, there is a populous north-western area of the Norttfem 
Provinces of Nigeria which forms the most suitable area for cotton growing. 
But this rich and populous area is at present out of the reach of both railway 
and river transport, and only by the construction of a railway, or possibly 
two railways, can its potential riches be brought into being. 

Save in those exceptional cases where expensive bridging or heavy grading 
is required, the cost of construction and equipment of new railways in Tropical 
Africa should not now exceed ;fio,ooo per mile. Of this approximately half 
represents orders for rails, bridging work, cement and equipment unobtainable 
in Africa requiring manufacture in this country. In view of the depressed 
state of these particular industries in Great Britain, I feel that this is the time 
when every effort should be made consistent with native interests to expedite 
further railway construction in Africa, for such expenditure as is involved is 
really remunerative and the indirect benefits to trade and commerce are quite 
as important, if not more important, than the actual relief which these railway 
orders would afford us at this time. 

The principal difficulty is initial finance. The bulk of the taxation in 
Tropical Africa falls upon the native and it is impossible to call upon him to 
pay higher taxes until he is in a position to pay them by producing commodities 
which he can market, and it is hard to throw upon him the high cost of loan 
charges during the period of railway construction, before the railway can 
operate to his advantage. It is the bridging of this comparatively brief gap 
that is the crux of the financial problem that faces each Colonial Government 
anxious to develop. 

In many parts of Africa transportation facilities are actually behind the 
present production. In Tanganyika Territory considerable quantities of 
groundnuts grown by the natives could not be got down to the railway before 
the break of the rains last year and were consequently lost. This has a 
discouraging effect upon native effort. We are already faced with 
great difficulties in moving even the existing Uganda cotton crop, and owing to 
the congestion at the collecting centres of Uganda much of the crop is 
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deteriorating in the open. There is grave congestion at all the East African 
ports for both inward and outward cargos, particularly at Beira and Mombasa. 
In fact, one is reluctant to encourage or stimulate further production until 
the present transportation difficulties have, in some measure, been solved. 
In* view of these facts I feel that it is quite legitimate to divert temporarily 
from agricultural production a great deal of native effort to labour on railways 
and roads, which will alone stabilise the welfare of the agricultural producer. 

I think I have said enough to emphasise the urgency and importance of 
the transport problem and I turn to my final subject of agriculture. I do not 
propose this afternoon to enter into the vexed controversy of plantation 
versus peasant cultivation, but I do wish to emphasise the fact that native 
production cannot possibly succeed in the long run without the guidance and 
help of a considerably augmented staff of European scientifically trained 
agricultural officers. Further, not only do we require the agricultural staff 
in order to ensure the quality and better cultivation of crops, but we also need 
a great deal more research in the science of tropical agriculture. In the past 
we have left these two questions very largely to chance, and to the individual 
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Area 

Sq. miles. 

Estimated 

population. 

Revenue 

1924. 

£ 

Domestic 

Exports. 

i 

Railways 

open 

(miles). 

{1924. 

Nigeria .. 

♦368,000 

♦18,631,000 

6,329.250 

10,885,000 

(1924) 

1,126 

Gold Coast 

*91,690 

♦2,296,400 

3,667,000 

7,600,000 

(1924) 

394 

Sierra Leone .. 

27,250 

1,541,000 

857,928 

1.347.000 

(1924) 

338 

Kenya .. 

245,060 

2,500,000 

1.936.000 

2,240,000 

(^924) 

950 

Uganda .. 

94,000 

3,000,000 

1,232,000 

3,892,000 

{1924) 

50 

Tanganyika 

French West 

365,000 

4,200,000 

1,387,000 

2,611,000 

(1924) 

1,017 

Africa 

1,385,000 

12,500,000 

2,267,000 

5.535.000 

(1923) 

U 795 

Belgian Congo 
Angola (Portu¬ 

909.654 

' 15,000,000 

1,409,000 

5,044,000 

(1922) 

'.273 

guese) 

Java and 

484,709 

! 5,000,000 

1,182,000 

1,572,000 

(1922) 

818 

Madura 

50,700 

37,000,000 

54,623,000 

72,416,000 

(1923) 

1.895 


*Including Mandated Territories of Cameroons and Togoland.* 
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effort of the different Colonial Administrations and a handful of officers. The 
time has come, in my opinion, when we must regard the British Tropical 
Dependent Empire as very largely one for this purpose. The first big step 
in the right direction is the establishment on a really effective scale of the 
Imperial College of Tropical Agriculture in Trinidad, an enterprise peculiarly- 
associated with the late Lord Milner. A public appeal for funds for this all- 
important college has so far met with inadequate response, and I do hope- 
that before many months have passed something more will be done- 
to establish it on a sound financial basis. Similarly, I hope it will be possible 
to reopen on a considerable scale the wonderful German Research Institute 
I at Amani in Tanganyika Territory. 

Just as human beings in the Tropics arc subject to the attacks of special 
diseases so domestic animals and plants are similarly attacked. There fb a 
vast field open for scientific work and it is only, if we can ^et the amount of 
money for this purpose, that we can hope to achieve some measure of success 
in the solution of the problems. 


DISCUSSION. 

The Chairman, in inviting discussion, said he thought Mr. Ormsby-Gore had 
justified the remarks he (Mr. Thomas) had made in introducing him to the meeting. 
Whatever might be the failings of the Colonial Office in the future, they would not 
be due to the ignorance of the Under Secretary or to the want of that great human 
sympathy which he had shown towards the particular problem under discussion. 

The Rt. Hon. Sir Frederick Lugard, G.C.M.G., C.B., D.S.O., said he thought 
Mr. Ormsby-Gore had rightly summed up the whole of the African problem in the- 
two words population " and “ transport," for out of either of those words prac¬ 
tically every problem in Africa arose. Mr. Ormsby-Gore had dealt in detail, with 
a wonderful grip of the essentials, with each of those problems in the Report which 
had been issued as the result of the Commission in East Africa of which he was. 
Chairman. The appointment of that Commission was due to Mr. Thomas, and it 
was remarkable in that it consisted of three men, one belonging to each of the three 
parties in the State. In every public pronouncement that the Chairman had made- 
he had always emphasised the great principle that the study of the African problem 
should be something above party. If he could succeed in inducing the British 
public to adopt that principle he would have achieved very much more than any of' 
his predecessors at the Colonial Office. If anyone present who was interested in 
the African problem had not read the Report of the Commission over which Mr.. 
Ormsby-Gore presided he should do so. It was a notable work, which could 
only have been compiled by a man who had given prolonged study to the different 
subjects dealt with before he went out to East Africa and who knew the various- 
points upon which information was desired. It was stated in the Report that the 
Commission was absent from England only 19 weeks, five or six of which were spent 
at sea, and under those circumstances the result that had been produced was truly 
monumental. Dealing with the two principal subjects of transport and population,., 
the members of the Society listened at a meeting not very long ago to a paper on 
the transport question. Generally speaking, the ^irgument of the author of that. 
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paper, with which he cordially agreed, was that arterial railways were 
amongst the greatest essentials in Africa. Some controversy had arisen as to 
what was the best class of feeder for the railway. The reader of the paper 
to which he had referred maintained that roads were not the best class of feeder. 
Mr. Ormsby-Gore stated in his Report that a metalled road in Africa was estimated 
to -cost about £2,000 a mile, while railwa5rs were now being constructed in East 
Africa for only £3,000 a mile. One of the speakers, the late Sir William Acworth, 
had stated that, in his opinion, even the era of branch railways had gone by, and that 
. in future ,the development of the caterpillar system of transport of vehicles running 
on the rail track system, which were able to cross the country , without any kind of 
road, and even to improve the track over which they passed, would not only super¬ 
sede narrow gauge branch lines but even more substantial lines of railway. They 
did not, however, supersede the great necessity for arterial railways, particularly the 
two railways which the author had emphasised for which he wished to raise a loan 
for East Africa. A railway from the north end of Lake Nyasa to connect with the 
port of Dar-es-Salam and Tanganyika, and an extension to relieve congestion 
in Uganda were both arterial systems and urgently needed. The subject of 
population was not only concerned with the material development but also 
with the welfare of the native population. The author had stated that 
research was necessary into the reasons why the populations in British territories 
in the tropics in Africa were either stationary or decreasing. He agreed that 
that was most essential, but the organisation of any system of research 
on a large scale would take some time ; and he had ventured previously to suggest 
that something might be done immediately if the Colonial Office were to invite the 
Governors of those different territories to consider with their various experts, 
including medical and agricultural, some of the prominent questions as to why the 
population was decreasing. The reports on the subject which would then be sub¬ 
mitted might form very useful preliminar>’^ data for a larger system of research which 
might follow later on. Questions arose, for instance, as to whether the decrease 
of population could be arrested by better medical appliances, by the employment of 
women doctors to deal with infantile mortality; whether, the decrease was due to 
the breakdown of the tribal systems and the sanctions of the native organisation 
which in the old days was able to maintain a progressive population ; whether, on 
the other hand, the cause was undue demand for wage labour, and if so what sub¬ 
stitutes could be applied. These were questions on which those who had long 
experience on the spot could afford very valuable data, at any rate as a guide in 
regard to the points on which mor^ accurate infoifmation was required. The 
Belgians had come largely to the conclusion that a redistribution of the population 
would be a method of arresting the decrease, which was very marked in the Belgian 
Congo. The development of Africa was the problem of the 20th century, which had 
been temporarily postponed and delayed by the war and the aftermath of the war; 
but under the present Secretary of State, Mr. Amery, and Mr. Ormsby-Gore, 
it looked as if progress would be made. They were both deeply interested in the 
subject and they had supporting them in Opposition the Chairman of the meeting. 
He desired, in conclusion, to ask Mr. Ormsby-Gore one question. A most important 
pronouncement had been made within the last few days by Lord Balfour in the House 
of Lords in regard to the appointment of an Imperial Civil Research Committee, 
Could Mr. Ormsby-Gore state what were to be the functions and scope of that 
Committee, and how far would it assist in the research which he was so anxious to 
institute ? He desired to add his personal thanks to Mr. Ormsby-Gore, not only for 
the paper he had read but for his Report, for which every African Colony and 
Protectorate owed him and the other members of his Commission a debt of gratitude 
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Mr. Max M. Kay (Chairman of the East African Committee of the Manchester 
Chamber of Commerce) said that coming from Manchester he was naturally inclined 
to look upon things more from the commercial side, but he could assure all those 
present that the commercial man, whether exporter or importer, could not carry 
on trade without the pioneers who prepared the ground for him. There w’as ample 
room for still more pioneer work, especially in Africa, as had been amply proved by 
Mr. Ormsby-Gore. The remarks he had made on the present occasion covered only a 
small portion of a much larger Report which, together with two other gentlemen, he 
recently compiled after their mission to East Africa. He considered that that Report 
was one of the finest achievements from a literary as well as from a practical point 
of view that had appeared for a very long time. In view of the enormous area of 
the territory visited and the many subjects which had to be considered he could 
pnly marvel at the rapidity and the completeness with which that Report had been 
produced. He agreed that it was absolutely necessary to look after the population, 
which he placed even before transport, because transport would follow if men aiid 
goods were produced. When he recently had the pleasure of meeting Mr. Ormsby- 
Gore he had just left a meeting of the International Conference on Tropical Diseases, 
with special reference to the problem in Africa. He (Mr. Kay), looked forward to 
great results following from that annual international effort to combat the ravages 
of both human ailments and insect pests. He was sure also Mr. Ormsby-Gore was 
convinced of the need for impressing on Parliament that the grants of loans required 
for Colonial enterprises should be ungrudgingly made, for without them they would 
be met with that big bugbear of all development—no money, no facilities ; no 
facilities, no commerce; no commerce, unemployment. 

Mr. F. C. Linfield, a member of the Commission, said he had attended the 
meeting for the purpose of showing his appreciation of the services of the Chairman 
of the Commission, Mr. Ormsby-Gore, and also in order to take the opportunity of 
thanking Mr. Thomas for appointing it. So far as he and his colleagues were 
concerned he thought they had succeeded in lifting the question above all party 
political purposes. He had given expression to certain views of his own, he would 
not say in a Minority Report, because he felt that he was at liberty to give expression 
to those views. The Commission were greatly indebted to Mr. Ormsby-Gore for 
the knowledge he possessed before they started, and for the way in which he directed 
the enquiries in the great territories that were visited. He desired to bear his 
testimony not only to the broadness of view of Mr. Ormsby-Gore but his broadness 
of sympathy. His colleague. Major Church, ^ould bear him out in saying that they 
were distinctly encouraged by their Chairman to look into everything, there being 
no desire on his part to colour the views of the other members of the Commission 
by his own particular point of view. They went loyally to work as colleagues 
representing each of the political parties ; but above everything they went loyally 
to work for the purpose of trying to help the Empire. 

Major A. G. Church, D.S.O., M.C., also a member of the Commission, said he was 
gratified to hear Mr. Ormsby-Gore remind the audience that scientific research was 
at the very basis of any sound development of our imperial resources, that, with 
its vast responsibilities to the world as a whole, the British nation could not 
afiord to lag behind in matters of research. He recommended the audience to 
read the Report of the Commission, and particularly that part dealing with the 
Amani Institute., Lord Balfour quoted a statement made in the Report, that 
the only activity of that once famous institute was the distribution of small 
packets of ^eds. When he and Mr. Ormsby-Gore visited the Amani Institute, 
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they found white ant hills pushing through the roofs of some of the buildings. 
Neglect of Amani, he was afraid, was symptomatic of our administration of our 
Empire, and Great Britain did not deserve to retain the Empire if that sort of 
thing continued. It could not be expected, however, that the results of research 
would be communicated within a short time to the practical man. There 
was always a tremendous gap between scientific research and practice, 
and an endeavour was now being made to bridge that gap. If this nation did 
not do its best to reduce the gap other nations which were much more alive at the 
moment to the importance of scientific research would take the lead which had been 
held for so many years by this country, although other nations did not possess 
certain natural advantages which the British nation did. 

Miss Euphania Smith suggested that all the facts which the Commission over 
which Mr. Ormsbv-Gore presided and all the work which had been done by the many 
Societies which were working for the betterment of the British Empire should be 
concentrated into one scheme with the object of bringing about unity in work. 
There were many difficulties that had to be faced in connexion with insects, for 
instance, in South Africa, where the locust was very troublesome. If a concen¬ 
trated scheme of that kind could be established it would prevent the work being 
spread over different Societies and different methods of research being established. 
She had no doubt that the money would be forthcoming for the purpose. She hoped 
the Chairman would use his influence with the other leaders of his party to endeavour 
to bring the masses of the country into line with his views, and if that was accom¬ 
plished work would be done for the Empire of which every one would be proud. 

Mr. R. C. Hawkin said he had been greatly impressed with the remarks Mr. 
Ormsby-Gorc had made in regard to the success that had been achieved in 
Basutoland, which was the outstanding success of British administration in Africa, 
This was evidence that a native territory must retain its tribal system if adminis¬ 
tration was to be a success. Mr. Ormsby-Gorc had referred to the danger of breaking 
up the tribal system : transporting large bodies of native labour from one part of 
Africa to another was a grave detriment to the native population. There was at the 
moment great unemployment in this country and on the other hand an outcry for 
labour in Africa. Was it impossible to formulate a scheme for providing one part 
of the Empire with labour from another without unnecessary disturbance ? He 
noticed that the Chairman shook his head, but Colonel Creswell in South Africa 
was considering the problem, and putting forward certain schemes for using white 
labour a great deal more than had hitherto been the case. He believed, in spite 
of the Chairman's doubts, that it would be possible in the long run to build 
a railway in Africa with English labour. It had been done before and it could be 
done again. 

M. Pol le Tellier (Councillor of the Belgian Embassy) said that the Belgian 
Ambassador would be exceedingly sorry when he learned that, owing to his absence 
from London, he was prevented from being present at the meeting. If Baron 
Moncheur had been there he would have felt the greatest pleasure, as he (M. Le Tellier) 
did, in listening to his friend Mr. Ormsby-Gore, with whom he and many of those 
who belonged to the Belgian Colonial world had always enjoyed the most cordial 
and useful relationship. The Under Secretary of State for the Colonics had exposed 
with great lucidity the three vital problems on the solution of which the rational 
development of tropical Africa depended. He reminded them that two of those 
problems had already been discussed at the Royal Society of Arts by M. Louis 
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Franck, formerly Belgian Minister of Colonies, and one of the best informed of his 
countrymen on colonial matters. The work of civilisation in the Congo which was 
undertaken by Belgium, thanks to the foresight and tenacity of their illustrious late 
Sovereign King Leopold II, was now beginning to reap the benefits of the efforts 
expended. The start was beset with difficulties, but, as the years had gone by 
progress had increased, and at the present time, in the reign of King Albert, Belgians 
felt that they had deserved the gratitude of the natives as well as the appreciation 
of those countries which were familiar with the results of their labours. The present 
colonial powers in Africa were all on terms of friendship, and as nothing separated 
them they could work in complete unity for the common good of the native popula¬ 
tions ; by the happy combination of those efforts general prosperity would be 
increased. Belgians had often sought inspiration for their Colonial policy in the 
teachings of British experience, and they owed Britain much. They had always 
wished to have England's valuable sympathy on their side in their colonial develop¬ 
ment, and knowing that they could count upon it, it gave them particular pleasure 
each time they could, in their turn, have the opportunity of seeing Britain derive 
any benefit from their observation and their experience. •« He was happy to be 
allowed to thank Mr. Ormsby-Gore most heartily for the homage he had paid to 
Mr. Franck, and for the very instructive information he had given them on Tropical 
Africa. In the display at the British Empire Exhibition at Wembley the marvellous 
riches of that region were brought home to them, and were a striking proof of the 
wealth that lay behind the British Empire and the confidence which might he felt 
in its future. 

Dr. Arthur Haydon, M.D., thought there was a great necessity, from the point 
of view of health, of suitable buildings being erected in the tropics in which the 
women could be collected, particularly during childbirth and the upbringing of 
infants, so that they would not be so liable to the attacks of insect pests. He also 
desired to ask why the British Government adopted the policy of refusing to allow 
Englishmen or other Europeans to hold freeholds in any part of the Empire under 
discussion. In his opinion the great problem that had to be solved in Africa related 
to hygiene, sanitation and the erection of suitable buildings, which would act as 
preventatives, rather than the use of quinine and other drugs in the treatment of 
disease when it occurred. 

Sir Charles C. McLeod, in proposing a hearty vote of thanks to Mr. Ormsby- 
Gore for his excellent paper and to Mr. Thomas for his kindness in presiding over the 
meeting, said it was very refreshing indeed to find such political opponents great 
personal friends. But that was the way in politics. Members shook their fists at 
each other inside the House of .Commons and shook hands the moment they got 
outside it. Speaking as one who had lived abroad for most of his life, he was able to 
say that in all matters connected with Colonial extension the greatest possible help 
had always been received from the Colonial Office, not only from the present 
Minister, but previous Ministers, including Mr. Thomas. The only remark he 
desired to make in regard to the paper was that quite recently a very important 
college had been opened for research into mpsquito malaria by Sir Ronald Ross, 
and he commended that fact to the notice of Mr. Ormsby-Gore. 

Colonel Sir Charles £. Yate, Bt., C.S.I., C.M.G., in seconding the motion, said 
he had noticed with pleasure that Mr. Ormsby-Gore had brought to their notice the 
facj: that the material prosperity and progress of Uganda were greatly due to the 
obligation of the native to work on the roads for one month in each year. 
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Uganda was the one province in East Africa that was primarily ruled by its own 
native chiefs, and a tribal system existed in that country which he trusted British 
administrators in other parts of the colony would follow. He hoped the Chairman 
would lose no opportunity of impressing on every one concerned the necessity 
of East Africa following such tribal customs, and not being led away by any 
new.-fangled doctrines to the contrary. It was only by following such tribal customs 
that the roads and railways that were so necessary for the prosperity of East Africa 
would be constructed. 

The motion was carried unanimously. 

The Hon. W. Ormsby-Gore, after expressing his gratitude for the hearty manner 
in which the motion had been passed, said he desired to take the opportunity of 
thanking the Chairman for so kindly occupying the chair that afternoon. Mr. 
Thomas was responsible for sending him out to Africa and for his continued interest 
in the subject, and he hoped he would not regret it. He also desired to thank M. 
Tellier for attending on behalf of the Belgian Ambassador, and to say with what 
importance he regarded international co-operation in the problem. He had read 
the most valuable reports that had recently been issued in Belgium with regard to 
some of the problems on the Congo, particularly the labour problem and the problems 
connected with the great oil palm plantations, which were of the greatest economic 
importance in the future of Africa. M. Tellier had said that Belgium had taken 
hints out of the British book of experience, and personally he was able to say in 
return that he was sure this country would obtain valuable experience from the work 
of Belgian officers in the neighbouring country of the Congo. The communications, 
into and out of the Congo, were very largely through British territory at present, 
and he believed would continue so for a long time to come, so that it was essential 
the two countries should work together. In reply to Sir Frederick Lugard's 
remarks, he thought it would be necessary to leave it to Lord Balfour to define 
exactly what he intended his Committee to do. He (Mr. Ormsby-Gore) attended 
the first meeting of the Committee that morning, but it was too early to judge how 
the Committee would shape in the future. In reply to Mr. Hawkin, who raised the 
question of white labour in South Africa, he wished to say that his lecture was 
confined entirely to Tropical Africa, and he did not believe that any part of that area 
was fit for the ordinary white worker. He certainly could not do manual work 
during the greater part of the day; but apart from that, the white women and 
children had also to be considered, because nobody wanted the white man to be in 
large numbers in Tropical Africa without his wife and family. The idea that white 
women should go out to bring up white children under tropical conditions without 
very frequent leave in England was very dangerous. The problem of white children 
in the tropics was an acute one, and personally he would never do an3rthing to 
encourage the migration of European labour to Tropical Africa. In reply to the 
speaker who asked a question in regard to freehold land, it must be remembered 
that the conception of freehold land was alien to Africa and the African. It was a 
matter that vitally touched the social evolution and development of the people that 
European and alien conceptions of laws and customs should not be forced upon 
people of that kind. It would absolutely smash the tribal system which it was 
desir^ to preserve if the idea of freehold land was enforced in West Africa, where 
they had always regarded land as belonging to the African. That had been the 
basis of the British Protectorates; and the view of the Government was that in 
their present state of development it was necessary-to do everything possible to 
protect the native from the moneylender and the usurer. With regard to freeholds 
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for the few highland areas where European settlement was possible, he thought that 
in developing countries in which the major part of the expenditure came from the 
British or the local taxpayer and the question of where the railway went made a 
whole diiference to the value of land, long leases should be granted as against free¬ 
holds. If a freehold system was instituted it would be necessary to have special 
land taxation as well. It was much more likely to encourage development if a person 
were given a long leasehold, but making it clear that the community which expended 
the money would, at the end of 99 years, be able to raise the rent and get something 
back for the improvements which had been made, not by the man who had the land 
but by the community and above all by the British taxpayer. The vital thing was 
prevention rather than cure. There were few questions more urgent in Africa than 
the problem of housing and sanitation. He fully endorsed all that had been said in 
' regard to the magnificent work that was being done in the maternity centres, 
particularly throughout Uganda. Two great missions with two remarkable women 
at their head had done work which would be absolutely outstanding in histDry. 
They were training the native girls as midwives, establishing maternity centres, and 
raising the whole standard of maternity problems and infant welfare. The work was 
spreading with astonishing rapidity, and would prove of tremendous importance 
not only in regard to the economic development but the happiness and progress of 
the community. Personality counted in matters of that kind, and if only two such 
women could be found in every colony to carry out similar work results of 
supreme value would be obtained. 

The Chairman thought the Report which had been presented by the three mem¬ 
bers of the Commission would become historical. It was no good treating it in 
the same way as a report of a Royal Commission. If something was to be done it 
ought to be done at once, because in the development of the question he did not 
dissociate altogether the internal troubles of this country. He shared Mr. Ormsby- 
Gore’s views in regard to tropical work and tlie emigration of white people. He 
knew something of what Major Creswell was doing in South Africa ; and so far from 
there being any question of white people going out there the real problem in South 
Africa was the native Indian problem, which was far more serious than finy talk 
about emigration to South Africa. It appeared to him the Government would be 
making a mistake if they delayed tackling the transport problem. It could not be 
an immediate commercial advantage and it was not right to expect the native to 
bear the immediate burden, but ultimately the native would benefit and the trade 
of this country would benefit. There had never been a time when unemployment 
was so terrible at home, and if money was to be spent it should be spent at once on 
such work instead of pouring money out on the dole. 


Professor Sir William J. Simpson, C.M.G., M.D., writes :— 

I listened with much interest and admiration to Mr. Ormsby-Gore's very informing 
lecture. His clear insight into the problems of Tropical Africa are due, in no 
small measure, to his visit there and to his former experience in Egypt and Palestine. 
He has given a very vivid picture of the serious effect of disease on an extremely 
sparse population and its ultimate interference with the much-needed development 
of transport and agriculture if hygienic measures on a larger scale than at 
present are not introduced. It is evident that the problems are difficult to solve, 
particularly that relating to population, but I venture to think that they are not 
more difficult than those which have already been solved by the pioneers of our 
Empire in Troiucal Africa. It is to the men of the 19th century, supported by 
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the people in England, that we owe the abolition of the slave trade, human sacrifice 
and intertribal wars, which were then the three main factors in the reduction 
of the population of Tropical Africa. This achievement set free forces favourable 
to the gradual material and moral progress of the inhabitants of East and West 
Africa, and at the same time presented opportunities for commerce and agriculture 
which have resulted in the great commercial development of the 20th century. 

True the African Problem of to-day in regard to the condition of the population 
is different. Less striking in its character, it does not appeal to the public in 
the same way. Disease is not generally recognised as a powerful enemy to the 
welfare of a community ; unless there is some rapidly-spreading epidemic causing 
much destruction of life and dislocation of commerce and labour, such as we have 
had in comparatively recent outbreaks of plague, little interest is taken in measures 
for the suppression of disease. The annual deaths from endemic diseases are 
viewed as natural and as a matter of course. Accordingly there is no strong public 
opinion to encourage the necessary expenditure on the preservation of health and the 
prevention of endemic disease. It is viewed as an unproductive expenditure, and 
hence the usual reply to a suggestion for the adoption of hygienic measures : “ No 
funds available.** The proportion of tax revenue devoted to medical and sanitary 
services quoted by Mr. Ormsby-Gore does not redound to the credit of Kenya. 

The East Africa Commission appointed by the Right Hon. J. H. Thomas, when 
Secretary of State for the Colonies, and of which Mr. Ormsby-Gore was Chairman, 
have expressed in no uncertain terms in their report their disappointment at the 
little that has been done during the last twenty years in endeavouring to solve 
the problem of the prevention of sleeping sickness. The result of that report 
is most satisfactory in that an expert Commission is being sent out to study the 
problem. 

The great value of Mr. Ormsby-Gore*s lecture is that it will waken people up 
in this country to the important fact that diseases, such as plague, malaria, 
anchylostomiasis and other common preventable diseases are having a very 
serious effect on the African population, especially in the British possessions, 
which represent half of the vast area of more than five million square miles of 
Tropical Africa and which contains the largest population. From personal ex¬ 
perience 1 agree entirely with the views set forth in the lecture. I hope that the 
ten million pounds loan will be granted for East African developments, and I 
would like to add that besides the money raised by local taxes for sanitation, there 
should be another loan of 10 millions to secure for each of the several territories 
an adequate Public Health Service to save the population from preventable 
disease. The causal agents of most of these diseases that the Africans sufier 
from, their methods of attack and the conditions which favour their spread are 
known. This knowledge is of little value unless an active and increasing campaign 
is waged and maintained against such diseases. For this a permanent sufficiently 
large and efficient staff and organisation, including laboratories and other adjuncts 
or branches necessary for a complete Public Health service, is required in each of 
the territories, which cannot be had unless a sufficient sum of money is set asid.f 
for that purpose and £o secured that it cannot be diverted. 

Mr. R. H. Brackenbury writes :— 

In Tropical Africa to-day, it is not the handling ol the large, but of the small, 
amounts that presents the difficulty. The transportation of large quantities 
of produce down to the seaboard is no more than a financial problem. If the 
amounts to be carried are sufficient in quantity and value, then thef construction 
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of a railway to deal with them is a logical necessity, which will be met as soon 
as the necessary funds can be provided. 

The difficult problem is the transportation of the comparatively small amount— 
the provision of transport services which will tap the little communities sprinkled 
all over the 5,000,000 square miles of Tropical Africa and bring their produce down 
to the main arterial railways. In other words, the establishment of adequate 
feeders to the railways. 

It has been suggested that this need can be met by laying down a system of 
macadamised roads. But macadamised roads require a large amount of labour 
for their construction and absorb a great deal of labour for their maintenance, 
so that in a country which averages a population of from 10 to 15 per square mile, 
they must of necessity be very few and far between, which is apt to have the result 
that a road is paid for by taxes collected over a much wider area than it serves. 
The same thing happens with a railway that is losing money. The benefit and 
advantages of the railway are confined to the narrow strip which it traverses, 
but the losses are made good from the revenues of the whole Qplony. 

Now a native does not have to be very far away from a road or railway to derive 
very little direct benefit from it. If his home is, say, 70 miles from the nearest 
point, it would take him a full year to carry only one ton of produce to it. But 
if he spends six months of the year at home growing his crops and the other six 
months as a pack animal, he can only carry half a ton to the road or railway 70 
miles away. That is not a very sound commercial proposition. 

1 have the privilege of serving on a committee formed by the Empire Cotton 
Growing Corporation for the consideration of the best means of transporting cotton 
from the field or ginnery to the nearest railway or port. While we recognise that 
macadamised roads will be established wherever they can economically be built 
and maintained, we do not believe that they provide a solution for the present 
impasse, simply and solely on the grounds of their expense. 

There are hundreds and thousands of villages sprinkled all over the 5,000,000 
square miles of Tropical Africa, growing valuable produce in excess of their im¬ 
mediate needs, and the total is really imposing. The individual amount in many 
cases is, however, too small to justify the construction and maintenance of a 
macadamised road. In the view of our Committee, the only way to bring in this 
produce is to make use of that new type of roadless vehicle mounted on flexible 
tracks, now being perfected, which does not require a macadamised road, but only 
a way through the jungle or veldt cleared of boulders and tree stumps. Such 
vehicles can carry really substantial loads and yet exert no more pressure or 
destructive influence on the ground than a native’s bare foot, which all of us who 
have lived in Tropical Africa know tends rather to flatten and consolidate the 
ground than to cut it up. Such vehicles, probably propelled by some more econom¬ 
ical power unit than the petrol engine, provide, in our view, the most hopeful 
solution of this Tropical African transport problem. 

We are now engaged in carrying out tests with some of these vehicles, and while 
I will not enter now into an account of the details which, in any case, will be 
published later and made available to any one interested, I am able to give the 
assurance that the results so far have been extremely encouraging and most 
impressive. 

Mr. G. M. Ryan writes:—Mr. Ormsby*Gore, in his extremely interesting 
and able-remarks, emphasised the great necessity of railway construction in Africa 
to secure its speedy commercial and economical development; but no mention 
at all w^ made by him of aerial transport as a means of helping tp solve the problem. 



July nr, ms. 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 8i6 


Bearing in view the enormous physical difficulties to be overcome, and the great 
danger to health and life which besets the residents in Africa from the attacks of 
the tsetse fly and other insects, aerial transport would seem to be the more economical 
and efficient means of the two in overcoming difficulties that exist there. At 
any rate the dangers to health, if not entirely overcome by such means, would be 
greatly mitigated by traffic being conducted for the most part in the air rather than 
on land. 

Most of the produce (viz., ground-nuts, cotton, etc.) to be conveyed, more¬ 
over, would apparently be such as would ^ well adapted for transport by aerial 
means, being light and portable. It has taken about 6o to 70 years for India to 
attain its present commercial development by railway means—and this is a 
much smaller continent, with richer resources, larger and annually expanding 
. population and comparatively healthy climatic conditions. If we have to wait for 
opening up Africa on the same lines and in the same period, financiers can scarcely 
be expected to come forward with funds to assist in attempting to do so. 

No. Aerial transport is what we should mainly fix our gaze upon, especially if 
a cheap indigenous liquid fuel can be found for the purpose, and this, 1 am of opinion, 
can be found. As I am engaged on research work of this nature myself at the 
present time for another part of the Empire, I shall be happy, if called upon, to 
indicate the lines on which such research can be satisfactorily accomplished in the 
African zone. 

The African continent is so vast and distances are so great that railway transport, 

, even if it could be made a paying commercial proposition there, would be a compara¬ 
tively dilatory method for the carriage of goods from the hinterland to the coast. 
Two or three weeks would be required in many instances for the conveyance of 
produce to a port for shipment, whereas under aerial means the same produce could 
be conveyed in almost as many days. 

By aerial transit, in fact, distances would be so annihilated as to reduce Africa to 
the present size of the British Isles for the transport of goods. 

Employment under the scheme would be offered for many thousands of British 
i. irmen and mechanics; who would become trained for flight in the event of war in 
Europe or elsewhere. 

In this age of rapid progress there can, it is thought, be no question in which 
direction and on what lines the commercial and economic development of Africa 
should be carried out, and I sincerely hope that my remarks on the subject may 
invite attention and meet with favourable consideration by all concerned. 


THE PROMOTION OF FRENCH TRADE THROUGH EXHIBITIONS 

AND FAIRS 

An interesting account of the efforts made to promote French trade by means 
of exhibitions and fairs is given in the Report on Economic Conditions in France 
by the Commercial Counsellor to H.M. Embassy in Paris, from which the following 
particulars have been taken 

In France. —Trade fairs and exhibitions of various kinds have become to an 
increasing extent in recent years a prominent and regular feature in French commer¬ 
cial life; but a marked change has been perceptible in their general character in 
comparison with similar manifestations in the nineteenth century. After the great 
Paris Exhibition of 1900, few large exhibitions, extending over many months were 
attempted in France (in iyo6. 1907 and 1914, however, exhibitions of a certain 
magnitude were held at Marseilles, R(jrdeaux and Marseilles), an<\ the long-period 
exhibition of the mixed business and attraction order fell into distinct disfavour with 
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Idle commercial community, although the Brussels, Ghent and Turin Exhibitions 
showed the vitality of modified forms of such exhibitions in other European countries. 

In 1901 was held in Paris what proved to be the origin of the prevailing type of 
&dr in France, namely, a rather modest exhibition of toys and of articles de Paris, 
out of which sprung the first Paris Fair, with 486 exhibitors, which was held for 
n days in 1904, and every succeeding year till 1913, when none took place. It 
was subsequently decided to enlarge its scope and to give it a national character; 
and when the tenth fair, with 1,700 exhibitors, was held in 1917, the support of 
tliirty-six Chambers of Commerce, 140 trade associations, besides that of the Paris 
Municipality, of the Department of the Seine, and of the Ministry of Commerce, 
had been obtained. After an interruption in 1918, it has taken place every year 
^since 1919; and the P'air Committee, which receives financial aid from the Paris 
authorities and the Paris Chamber of Commerce, has further developed its scope 
as an exhibition of a considerable proportion of French industry, whilst retaining 
its strictly national and business character. In 1924 it gave, however, a first sign 
•f becoming international; Belgian exhibitors were admitted and formed a separate 
group within each section of the Fair. Many principal industries, especially those 
of the Paris area, are regularly represented now in strength, such as the machinery, 
machine tool, electrical, building, jewellery, toys, article de Paris, dressmaking, 
food and drink, furniture, printing, etc., trades; in 1923 two innovations were 
introduced, an important exhibit of the various wine-growing regions, and one of 
music, in two halls named Salon des vins de France and Salon de la Musique ; in 
1924 innovations were a foodstuffs section and a display of raw materials and native 
manufactures from French colonies (such as woods, wool, kapok, carpets, watches, 
etc.). The number of exhibitors, which in 1923 was 4,917 and in 1922, 4,500, w^as 
5,200 in 1924. 

The second modem French fair took place in Lyons in 1916; it was created 
as an international fair, and its aim has been to develop into a great annual inter¬ 
national fair that would rival the Leipzig Fair. It was decided in 1923 to suppress 
the autumn fair (which had been mainly composed of metal, machinery and machine 
tool exhibits) and to replace it by an exhibition for a special branch of industry ; 
a timber exhibition was held in 1923. The range of exhibits of the Lyons Spring 
Fair is great, including silks and other textiles, clothing articles, leather, furniture, 
jewellery, agricultural machinery, machinery and machine tools, electrical engineer¬ 
ing products, motor cars, etc. Several foreign countries are regularly represented 
at Lyons. 

The third annual fair, that of Bordeaux, inaugurated in igiO and since held in May 
or June every year (except in 1918), is an international fair with a strong colonial 
tendency, the most important French colonies exhibiting native raw materials ; but 
it also contains considerable exhibits of agricultural machinery, foods, drinks, etc. 

In addition to tliese three annual exhibitions with their distinctive features held 
in three large cities, annual fairs of a more restricted scope, but not confined to 
single trades, although of especial appeal to agricultural interests, have been even 
more recently established at Tours (1921), Rennes (1922), and Niort (1923). An 
annual two or three monthly exhibition of a novel character wras also established in 
1921 in Paris, entitled Salon du Godt Fran^ais, in which the principal exhibits consist 
of jewellery, laces, dress, motor-cars, furniture and artistic products of various 
kinds, the objects being presented by means of lighted coloured transparencies. 
One-time events have also been numerous in the last few years; in 1922 at 
Marseilles (colonial exhibition on a large scale); in Z923 at Le Mans, Bayonne, 
Mon^eHier, Strasbourg, Qrl^ns, Angers and Toulouse. 
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In Paris are held more or less every year a multitude of large exhibitions that 
are not of a general character, but are confined to special trades or groups of trades ; 
such as those relating to agricultural machinery ; to heating apparatus (in 1920 
and T921) ; to the motor vehicle and cycle trades ; to aviation ; animals (separate 
cattle, horse and poultry exhibitions) ; to horticulture (several in the year) ; to 
pictures, sculpture, furniture (three large-scale exhibitions, each lasting from 
six weeks to three months, as well as numberless minor exhibitions, are held annually); 
in September, 1923, a Foundry Exhibition was held in Paris, and in November, 
1923, a large national exhibition of physics and of wireless telegraphy, which 
included also electric apparatus of many kinds, optical instruments, etc., achieved 
great success. Similar spc'cial exhibitions were held in 1921 at Nancy (Qjmbustibles 
Exhibition), in 1923 at Dijon (h)od-stutls), at Houlogne (fish) and at Digne (per¬ 
fumery) yearly since An international sports goods exhibition was held 

in Paris in 1924 in connexion with the Olympic games. 

The International Exhibition of Modern Decorative and Industrial Art is of 
considerable importance, some 30 nations taking part officially. The Exhibition 
which is being held in Paris this year (April-October) aims at the concentration of an 
extensive survey of the apj liratioii of new ideas, not only to objects seeking primarily 
artistic quality, but als() to those serving the ordinary purposes of everyday life and 
work. The folkiwing statement 0/ 1h(‘ broad classification adopted indicates its 
scope: (i) architecture, including stone, wood, metal, ceramics and glass; (2) 
furniture, including art and industry of wood, leather, metal, ceramics, textiles, 
books, toys, musical instruments, scientific apparatus ; (3) dress, including perfumes, 
flowers, jeweller}'; (4) arts of the theatre, streets, and garden ; (5) education, 

including stone, wood, textile, glass, etc., work. 

Another important Internatioiifil F.xhibition, viz., the International Colonial 
Exhibition, is projected to be held in Paris in 1927. It appears probable, however, 
that this will be postponed until 1928 or 1930. The City of Paris has undertaken 
to contribute to its cost a sum equal to that granted by the French State, but not 
exceeding 50 million francs. It would appear that the .scheme is on a large scale 
and that the range of exhibits includes all commodities that are received by the 
mother countries from their colonies, and all those that are despatched from the 
former to the latter. 

Despite the multitude of fairs and exhibitions, unbroken succe.ss, as measured 
by the financial results of the undertakings themselves and by the crowds that 
flocked thereto, appears to have attended them in recent years, especially those in 
the capital. This success is due to many causes ; to the elimination of the mediocre 
attractions which tended to reduce commercial manifestations to the level of the 
survivals of tJiose fairs of ancient date which had in part degenerated into popular 
amusements agglomerations; to the keen intellectual and business curiosity, not 
only of the French industrial and commercial classes, but also of the rank and file 
within these cla.sses ever on the watch for new ideas; to the exceptionally attractive 
and central sites (c.^'., in I’aris, Lyons, Bordeaux); to the splendid and admirably 
arranged exhibition halls or palaces ; to the care given to the arrangement of the 
exhibits and to the decoration of the setting ; to the choice of seasons for the particu¬ 
lar exhibition ; to the great infiux of visitors from many countries at various seasons 
into Paris,' who, no doubt, contributed much towards swelling the attendance and 
the receipts (in those cases when entrance was not free). 

Abroad. —For the last generation —-since the Paris Exhibition of 1889 — the 
suitable representation of France at foreign exhibitions has been ^feguarded by 
the organisation entitled the Foreign Exhibitions Committee; and in 1922 was 
formed the Foreign 1 ^'airs and Sample Exhibitions Committee, a body on a more 
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permanent and broader basis, having as regular agents abroad the French commer¬ 
cial attaches and other Government representatives and, at home the offices of 
the regional groups of chambers of commerce. The Committee has its headquarters 
at the French Department of Overseas Trade. Its function is to prepare and organise 
French participation in foreign fairs by securing the co-operation of manufacturers 
and merchants as exhibitors, by arranging for suitable collections of samples for 
samples exhibitions, by centralising inforihation, and by facilitating the installation 
of the exhibitions and fairs. 

During recent years France has seized many opportunities for trade propaganda 
by this method ; she has not only taken part in international exhibitions, but 
has also co-operated with certain foreign towns in organising exhibitions in which 
' French goods were markedly prominent, has sent propaganda ships round the 
world, and has delegated ministers to be present at foreign exhibitions. In 1923. 
two French cruisers were commissioned to carry French samples exhibition^ to 
(among other places) Australia. New Zealand, Japan. (Miina, Straits Settlements. 
India, Ceylon and Egypt; and in a previous year an important mission to several 
States of South America included representation of economic interests. In 1921 
^a special train of thirteen Pullman cars carrying French exhibits traversed Canada 
at the invitation of the Canadian Government; at the halting places the exhibits 
were exposed,* cinematographic displays of a propaganda nature were given, and 
the tour was concluded by a two months' exhibition at Montreal; in July, 1923, a 
travelling Canadian Exhibition containeni in thirty large exhibiting lorries paid 
a return visit at the invitation of the French Government, visited the most remote 
parts of France, and concluded by a six weeks' display at the Tuileries. As regards 
support by Ministries of State, the French Minister of Commerce attendee^ the Milan 
Fair in 1923, when he inaugurated the French pavilion, and the Copenhagen Exhibi¬ 
tion in th^ame year ; and in 1924 the Milan Fair. In March, 1924, when wireless 
installations were permitted in Spain for private persons, there was held in Madrid, 
under the auspices of the French Overseas Trade Department, an exhibition of 
wireless apparatus. The commercial offices maintained by the French Government 
in several countries {e.g., Italy, England,’ United States, Switzerland) are 
permanently designed to serve as sample exhibitions on a small scale of French goods. 

France took first place among foreign exhibiting countries at the Lwow (Lemberg) 
Fair in 1923, having had 88 exhibitors (45 in 1922 and three in 1921), and much 
business is reported to have resulted. She was the leading foreign exhibitor at the 
Zagreb Fair in 1924; the number of French firms was double that of 1923. French 
interests were also well represented at the Kiew and Nijni Novgorod Fairs in 1923, 
and at recent fairs at Prague, Vienna, Gothenburg, Luxembourg, and Ghent. 

Beyond Europe, France was a very important participator in the Brazilian 
Centenary Exhibition at Rio de Janeiro in i92'2-23, the State grant having been 
over 5,000,000 francs. A French fair was organised at Tientsin in 1923. In 1924 
an important exhibition of French products was held at New York with the 
assistance of the French Overseas Trade Department and of a Franco-American 
group in the United States, who formed a company for the purpose; over 300 
French firms exhibited. 

It will be gathered from the foregoing that French efforts to promote trade 
abroad by means of exhibitions are constant and considerable. The State is sup¬ 
porting them financially, and otherwise is also in a position to supply many choice 
and magnificent objects from its own collections (such as Gobelins tapestries, Aubus- 
son or Savonnerie rugs, Sevres porcelain), which assist in conferring dignity and 
beatfty upon French exhibitions abroad. 
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NOTICES. 


NEXT WEEK. 

Monday, July 27th, at 4.30 p.m. (Dominions and Colonies Section.) 
Professor W. A. Parks, Ph.D., President, Royal Society of Canada; President, 
Geological Section, British Association, 1925. Sir Richard Redmayne, 
K.C.B., M.C., M.Inst.C.E., M.I.M.E., M.I.M.M., F.G.S., will preside. Tea 
and coffee will be served in the Library from 3.45 p.m. 


COUNCIL. 

A meeting of the Coimcil was held on Monday, July 13th. Present:—^Sir 
Frank Warner, K.B.E., in the Chair; Mr. Llewelyn B. Atkinson, M.I.E.E. ; 
Sir Charles S. Bayley, G.C.I.E., K.C.S.I.; Mr. P. M. Evans, LL.D.; Rear- 
Admiral James de C. Hamilton, M.V.O.; Sir Humphrey Leggett, D.S.O., 
R.E.; Sir George Sutton, Bt.; Mr. Carmichael Thomas; Professor J. M. 
Thomson, F.R.S.; and Dr. J. A. Voelcker, with Mr. G. K. Menzies, M.A. 
(Secretary of the Society) and Mr. S. Digby, C.I.E. (Secretary of the Indian 
and Dominions and Colonies Sections). 

Sir Thomas H. Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S., was elected 
Chairman of the Council for the ensuing year. 

The Hon. Sir Charles A. Parsons, K.C.B., LL.D., D.Sc., F.R.S., was elected 
a Vice-President of the Society, in place of Viscount Cowdray, G.C.V.O., who 
was unable to act. 

The report of the Judges of the essays submitted for the Peter Le Neve 
Foster Prize was approved (see below). 

It was reported that the judging of the works submitted in the second Annual 
Competition of Industrial Designs was proceeding at the Victoria and Albert 
Museum, and that an exhibition of the selected works would be held there 
from August ist-3ist. 
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The various Conunittees were re-appointed. 

The Secretary was authorised to issue the Examination Syllabus for 1926 as 
soon as it should be ready. 

' Arrangements for papers and lectures to be delivered in 1925-26 were con¬ 
sidered. 

Other formal business was transacted. 


PETER LE NEVE FOSTER PRIZE. 

Under the Peter Le Neve Foster Trust the Council offered a Prize of £25 
for an essay on “ The Effect of Trade Union Regulations on Industrial Out¬ 
put." The judges were :—The Rt. Hon. Lord Askwith, K.C.B., K.C., D.O.L., 
The Rt. Hon. George N. Barnes, C.H., and Mr. W. L. Hichcns. 

Thirty-six essays were submitted. After a preliminary investigation the 
judges reserved thirteen of these for further consideration, and all of these 
were read by all the judges, who unanimously awarded the prize to Mr. C. G. L. 
Du Cann, Barrister-at-Law. 


PROCEEDINGS OF THE SOCIETY. 

THIRTEENTH ORDINARY MEETING. 

Wednesday, March _4Th, 1925. 

Sir Herbert Jackson, K.B.E., F.R.S., in the Chair. 

The paper read was :— 

THE MODERN PRODUCTION OF SHEET GLASS. 

By Professor W. E. S. Turner. 

The accoimt given in this lecture is that rather of an intelligent observer 
who has been privileged to follow developments in the past few years rather 
than of the expert acquainted with all the details of manufacture of some 
one process. 

The production of sheet glass in its various forms of window glass, plate 
glass, figured and ribbed sheet, wired glass, indeed, in all the forms of so- 
called constructional glass, has to-day attained enormous proportions. We 
can gather something of the growth of the industry fiom the statistics which 
follow. 

The data collected in America are far more complete than those in this 
or other European countries, and will satisfactorily serve our purpose, 
especially as the United States is easily the greatest consumer of sheet glass. 

The two following tables, namely. Tables I and II analyse the statistics 
of domestic production, and of importation:— 
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TABLE 1 . 

Production of Building Glass in the United States. 


1909. 1914* 1919. 1921. 

Thousands of sq. ft. and thousands of dollars. 

Window Glass— 


Square feet. 

346,081 

400,999 

368,912 

260,065 

Value . 

$11,743 

$17,496 

$41,101 

$24,026 

Obscured glass, including cathedral 
and sky light— 

Square feet. 

22,816 

43,040 

33,822 

20,902 

Value 

$1,359 

$2,417 

$4,300 

$2,547 

Plate glass, total cast— 

Square feet .. 

60,106 

75,770 

72,849 

79,966 

Polished, square feet 

47,370 

60,384 

56,824 

56,239 

Value 

$12,205 

$14,774 

$33,348 

$37,261 

Rough, made for sale as such— 

Square feet .. 

206 

131 

789 

712 

Value . 

$37 

$26 

$171 

$107 

Wire glass, polished— 

Square feet. 


1,708 

1,229 

4,485 

Value . 

♦ 

$534 

$654 

$1,512 

Rough, made for sale as such — 

Square feet .. 

* 

13,981 

14,462 

11,675 

Value 


$1,057 

$2,271 

$1,804 

Other building glass, value 

$965 

$520 

$1,886 

$1,694 

Total building glass, value 

$26,308 

$36,824 

$83,713 

$68,951 

Total value of all glass produced 

$92,095 

$123,085 

$261,884 

$213,471 


* Not available. 


TABLE II. 

Imports of Plate Glass and Cylinder, Crown and Common Window 
Glass into the United States. 

(in thousands of square feet.) 


Plate Glass. 

1909-13 

(5 yr. avge.) 

1919 

1920 

1921 

1922 

1923 

Belgium 

2,013 

— 

1.445 

2,123 

7.489 

t 

Canada 

♦ 

4 

272 

554 

407 

t 

Czechoslovakia 

— 

— 

* 

2 

500 

t 

France 

87 

— 

I 

92 

134 

t 

Germany 

209 

— 

384 

183 

2,100 

t 

Netherlands .. 

.. 121 

— 

318 

99 

• 120 

t 
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United Kingdom 

35 

— 

16 

I 

21 

t 

Other Countries 

u 

— 

§134 

53 

26 

t 

Total: thousands of sq. ft. 

2,466 

4 

2.570 

3.107 

10,797 

26,260 

Total: thousands of dollars 

8563 

$3 

$2,271 

$2,070 

$5,090 

$16,047 

Window Glass. 

Belgium 

22.395 

(in thousands of poimds.) 

287 5.357 45,411 49.835 

t 

Canada 

2 

I 

12 

167 

16 

t 

Czechoslovakia 

— 

— 

25 

138 

290 

t 

France 

87 

7 

9 

37 

614 

t 

Germany 

711 

129 

352 

4O7 

810 

t 

Japan 

I 

226 

ii 

— 

— 

t 

Netherlands .. 

7 

33 

45 

1.031 

6 

t 

United Kingdom 

2.615 

350 

427 

824 

1,280 

t 

Other countries 

16 

I 

Xi 

31 

— 

t 

Total: thousands of lbs. 25,834 

1.034 

6,228 

48.136 

52,851 

46,661 

Total: thousands of dollars $889 

$138 

$624 

$2,639 

$2,583 

$2,120 


♦ Less than 500 square feet. 

•f Figures for distribution of exports by countries not available for 1923. 
I Including imports from Canada. 

§ Including imports from Czechoslovakia. 

TfLess than 500 pounds. 

X Including imports from Japan. 

Table III contains figures of exports and imports of the United Kingdom 
for plate, window, and other sheet glass, and will give some idea of the growing 
importance of the industry in this country. 

TABLE III. 

United Kingdom—^Exports and Imports. 


Plate, Sheet and Window Glass. 


Year. 

Exports. 

Cwt. 

Imports. 

Cwt. 

1901. 

66,835 

1.712.494 

1905. 

.. 118,011 

1,654.598 

1910. 

231,866 

1.519.039 

1915. 

140,771 

1,042,986 

1920. 

515,018 

731.965 

1921. 

354.663 

586,128 

1922. 

546,075 

870,661 

1923. 

742,995 

862,095 

1924. 

789,267 

953 , 8 ^ 
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It will be gathered from the foregoing tables that in Europe, Belgium, 
Germany, and Great Britain are countries exporting sheet glass in quantity; 
with Belgium holding first place. 

The Composition of Sheet Glass. 

For many years, until recently, the composition of the glass used for sheet, 
whether blown or rolled, had undergone practically no change. There was 
in general use a glass having the composition approximately: silica 72-74 
per cent., calcium oxide 12-14 per cent., and sodium oxide 12-14 per cent. 
In two of the automatic processes recently introduced, however, a softer glass 
has been employed, the percentage of sodium oxide having been increased 
Table IV states the composition of some samples of sheet glass, the values 
recorded for the sample of Ford plate being calculated from the batch com¬ 
position on the assumption that all the sakcake was decomposed, the others 
being the results of analysis. 

TABLE IV. 

Composition of Some Samples of Sheet Glass. 


Type. 

SiOa 

AsaOa AI2O3 

FC2O3 MnO 

CaO 

MgO 

Na^O 

S 0.3 

Total 

Window, hand 









blown.. 

. 72.68 

— i.oO 

- T- 

12,76 

0.26 

13.24 

— 

100.00 

,, Libbey- 

Owens 

72.14 

— 1 .q6 

0.15 0.01 

11.24 

2.62 

12.60 

— 

99.81 

,, Fourcault 70.64 

— 0.77 

o.ii trace 

10.58 

0.09 

17.02 

0.78 

99.90 

Plate, ordinary 

cast 

. 72.40 

0.51 

0.09 — 

13-74 

0.12 

12.82 

0.2S 

99.96 


The introduction of magnesia to the extent of about one-fourth to one-fifth 
of the total lime and magnesia tends to make more uniform the rate of change 
of viscosity than when lime alone is present, whilst devitrification tendencies 
are retarded. In America, the use of dolomitic lime is widespread also for 
another reason, namely, the lower iron oxide content than in ordinary lime¬ 
stone. 

The source of sodium oxide was, until comparatively recently, saltcake 
or sodium sulphate. A small and variable amount of this, up to a maximum 
of about 0.7% SOs remains undecomposed, and is probably the cause of the 
more favourable working qualities which glass made with saltcake as a batch 
constituent is stated to possess. Nowadays, in order to speed up the rate of 
melting, soda ash supplies most of the sodium oxide. The following modem 
batch compositions may be of interest:— 

American Window Glass. 

Lubbers Cylinder Ford Plate 
Process. Process. 

Sand . 1,000 i,^ 

Soda Ash .. .. 260 305 
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Saltcake .. .. 40-80 56 

Limestone .. .. 350 260* 

Coal or Charcoal .... — 2.9 

Arsenious oxide .... — 3.5 

Cullet . 35 ‘ 4 <>% 360 


♦A magnesium limestone is used with CaO: MgO about 4 : i. 

Methods of Manufacture. 

In view of the title of this paper, it is desirable to define what is meant 
by the term "modem.” The main object of the lecture is to direct attention 
to methods brought to success within the past ten years, and designed not 
only to produce sheet glass in great bulk by automatic mechanical methods, 
but also, particularly in the case of window glass, to improve its quality by 
removing the cause of distortion from which it has hitherto frequently suffered. 

At the present time these mechanical methods by no means hold the field. 
Indeed, in this country, in Belgium, and other European coimtries much 
glass is still produced by hand, in which cylinders up to about 6ft. in length 
and about I2ins. in diameter are blown, subsequently opened by cutting 
the cylinder longitudinally, and flattening it out in a flattening oven. 

I propose, however, to omit description of this process, but it is desirable 
to include some account of a mechanical method which developed out of it, 
because the method is really modem and is in extensive use. This process 
is due to the experiments of J. H. Lubbers, a window glass flattener of 
Pittsburgh, U.S.A., who began experiments-in 1894—experiments which were 
first commercially successful in 1905. 

In this system the glass is melted in a large tank which may be of con¬ 
siderable size, one seen by the author having a dead weight capacity of nearly 
2,000 tons. The cylinder made by the Lubbers process may be drawn either 
from one or more of a series of wells or pits attached to the refining end of 
the tank furnace, or, a more usual practice, from a shallow fireclay pot of 
approximate dimensions and .shape to those shown in Fig. i. This fireclay 



pot is a double one. It is suspended in such a way that after the cylinder 
has been drawn the pot can be inverted and a clean receptacle brought into 
use while the residual glass is slowly drained away from the section of the 
pot just used, a flame pla3dng into the f)art assisting the process. 
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The initial stage consists in removing from the tank furnace by means 
of a huge iron ladle, suspended and swung from its centre, a charge of glass 
sufficient to complete the cylinder required. The charge on the average 
is about 560 to 570 lbs. of glass. This is poured into the drawing pot, the 
temperature of which has already been raised by gas burners playing into 
it, and after the glass has been added the temperature is again adjusted until 
it reaches a value of about 2,200° F. just before the drawing operation is 
begun. 

A blowing-head is then lowered by means of a very long flexible steel tube 
until the lip is immersed below the glass surface. Various forms of blowing- 
head are used, varying slightly from works to works. Fig. 2 is a diagram of 




two actual shapes which have been employed. The glass flows into the head 
and forms a solid ring inside the rim of the blowing-head, serving to attach 
the cylinder to the head during the operation. As soon as the ring is formed 
the head is raised slowly by an operator who stands in an elevated box or cabin 
in full view of the cylinder. The cabin contains a number of switches and 
controls, enabling the rate of drawing to be varied, as also the pressure of 
air which is applied. For the major part of the drawing operation 
the air pressure is only a fraction of an inch. Fig. 3 is a diagram of the variation 



Fig. 3. 

of air pressure throughout the operation. It will be noticed that the pressure 
reaches its highest value for a very short period v'hile the cap is being formed, 
and after being diminished greatly is slowly increased towards the end of the 
drawing operation. 

The time taken for drawing a cylinder varies somewhat, bht 18 minutes 
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may be taken as an average. The initial temperature at drawing may be 
about 2,190® F., and the final temperature 1,750® F. At the end of the drawing 
operation the rate of drawing is accelerated, and the air pressure increased 
so as to produce thin walls, and make it easy to detach the cylinder from 
the residual glass in the pot. 

By this process cylinders of length as much as 36ft. after the removal of 
the ends, have been obtained. The diameter may be as much as 36ins., but is 
more usually 28 to 3oins. 

Defects arising during the drawing operation are principally those due to 
stones, often due to fireclay. An attendant may be stationed near the 
cylinder to watch for these stones in the section of the cylinder as it leaves 
the pot, and by means of a stick he can thrust the stone into a pocket, wljere, 
on cooling, it will not set up cracks in the main portion of tjie cylinder (Fig. 4). 

The tall cylinder is lowered into a horizontal position and placed on a horse, 



Fig. 4. 


consisting of a series of wooden ribs in the curve of which the cylinder lies. 
The latter is divided into shorter cylinders by an operator who wraps round it 
a wire which is heated electrically. Each short length is then split by means 
of a red-hot iron rod, which is worked up and down the interior of the cylinder 
at the point of contact which it makes with the table on which it rests. In 
some factories the cylinder is cracked into two semi-circular portions; 
others a single crack is regarded as sufficient. The splitting of the cylinder 
and the conversion of the pieces to a flat sheet present no element of novelty. 
The process is that used with hand-made cylinders. 

The flattening process is carried out on a stone of fireclay in the formatio 
of the upper portion of which fine grog has been employed, and the stone 
must be carefully polished and re-polished at intervals. The cylinder is intro¬ 
duced through a tunnel in which it may slowly be heated up, and if only one 
split has been made in the cylinder the latter is brought on to the flattening 
stone with the split uppermost. The flattening chamber is maintained at a 
temperature of 650 to 700® C., as the result of which the sheet softens and 
the cylinder opens, the sides of the cylinder falling under their own weight. 
An operator completes the flattening by means of a block of wood at the end 
of a long handle, beech wood or some other wood which contains a minimum 
percentage of ash being employed. 

This process of Lubbers has been extensively used in America, and to some 
extent in Engird and in France. 
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The Methods of Drawing Sheet Direct. 

Cylinder-drawn glass, however carefiilly prepared, must inevitably be 
liable to produce distortion since the inner and outer diameters are different. 
Attempts were made many years ago to draw sheet glass direct from 
the bath. For example, an Englishman, William Clark, as early as 1857 
attempted this process, but his attempt, and many subsequent ones, failed 
because of the tendency of the sheet to tail off. In the present century, 
however, the difficulty has been overcome in two ways : by Emil Four- 
caiilt in Belgium and by Colburn in the United States. For convenience 
we will describe the Fourcault method first. 

The Fourcai’lt Sheet,Glass Process. 

The success of this process depends on the use of a fireclay float known as 
a debiteuse (Fig. 5), the essential part of which is the slot. This slot is sunk 



Fig. > 


below the level of the outer wall, and is wider at the middle than at the ends, 
a feature essential to the supply of glass to prevent the sheet tailing off. 

The debiteuse is sunk in the glass in a section of the furnace known as the 
drawing well, and the depression of the slot below the exterior walls causes 
glass to well up through its lips. A bait consisting of a sheet of glass can 
be let down to attach itself to the molten glass as it flows through the drawing 
slot, and once adhesion has been made the sheet may be raised, and becomes 
continuous. 

The glass is melted in a large tank provided with a floating bridge 
and a brick curtain to screen it from the refining end of the furnace. From 
this refining end the glass flows through a short neck into a long crosspiece 
provided at intervals alternately with drawing pits and with gas ports, the 
latter to maintain the temperature of the glass at a suitable level. The glass 
in each reheated section is separated from that in each drawing pit by means 
of a shallow bridge dipping about 2ins. below the glass level, and thu*^ serving 
as a skimmer for any impurities. 

Above each drawing pit a chamber is built, up which the sheet is drawn 
vertically as indicated in Fig. 6, the drawing being carried out by a series 
of pairs of rollers covered with an asbestos composition, 'fhe exit from the 
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vertical chamber which leads direct into the cutting rooms is only i8 to 22 ft. 
above the level of the glass in the drawing pit, so that arrangements have 
to be made for a very rigid control of the temperature. The temperature 
in the drawing pit is regulated so as to be about 1,040° C. This temperature 
can be regulated readily so long as the machines remain in continuous operation’, 
since they will continue to draw glass at a steady rate from the tank, and 
the temperature will be maintained. Should a drawing machine break down 
it is necessary to put on an auxiliary burner to maintain the temperature in 
the drawing pit itself. 

The next important point is that the temperature of the sheet of glass shall 
be slightly below the critical annealing temperature (say, 550° C.) just before 
coming into contact with the rollers. As the first pair of rollers may be no 
more than about 2ft. 6ins. above the glass surface, cooling has to be arranged 
by iron boxes placed just above the drawing slot parallel to the sheet. By this 
means the temperature just above the drawing slot is reduced to about 750°. 

Between the first pair of rollers and the exit into the cutting room the 
temperature falls from about 550° C. to 60° C., and in this short length of 
approximately 20ft. the annealing is carried out. The rate of drawing of 
glass of double strength is about 26 metres per hour, and of single strength 
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40 metres per hour, so that no point of the glass remains in the chamber longer 
than about nine to fifteen minutes. 

Of the two striking advantages which the Fourcault possesses over other 
methods, that of rapid annealing is one. The author has not found the amount 
of residual strain excessive in those pieces which have come into his possession. 
Very great economy is. therefore, effected, not only in the time of production 
but also in the cost of construction, since the long lehr of 200ft. used in the 
Libbey-Owens process is avoided. The other advantage lies in the number 
of drawing machines which can be operated on one furnace. Eight machines, 
four on each arm of the T, have been operated, and in the British works as 
many as 14 machines were erected for a single furnace. 

The productivity of each machine at single strength is rated at about 25,000 
square metres per month of 30 days. 

Very much progress has been made with this process since the war. The 
early patents were taken out between 1901 and 1903, and a company was 
formed in Belgium in 1904 to exploit it, but even in 1914 it was still far from 
being commercially successful. Since that date, however, the process has 
been adopted at several factories in Belgium, and other plants have been 
erected in Czechoslovakia, England, France, Holland, Greece, Germany, 
Italy, China and Japan, whilst it has extended, also, to four operating 
factories in America, with other plants under construction. 

The Libbey-Owens Process, 

The idea of this process occurred to the inventor, I. W. Colburn, in 1905, 
after witnessing a paper-making machine, and from that date until 1912 
he was engaged in an attempt to commercialise the process. More than one 
million dollars were spent in this stage of the operations, and, funds having 
been entirely exhausted, the Company which Colburn had formed was sold up, 
and the patents bought by the Libbey Glass Company at the instigation of 
Mr. M. J. Owens. The process is now generally known as the Libbey-Owens 
process. Six years of further experiment were necessary before glass for sale 
was produced in 1918 at the special factory erected at Charleston, West 
Virginia, although the experiments between 1912 and 1916, conducted at 
Toledo, indicated that the process was certain of ultimate success. 

The difficulty of the tapering sheet is overcome in this process by the use of 
two knurled or cogged rollers which operate just inside the trough from which 
the sheet is drawn, and by clutching the edges maintain the width of the 
sheet constant. 

Fig. 7 will serve to indicate the essential features of the process. The 
details of the plant at the present time differ very slightly from those shown 
in the diagram. 

The glass is melted in a large tank furnace and passes throujgh the refining 
end into a fireclay trough from which it is drawn. The temperature of the * 
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glass in the trough is regulated by a gas flame which heats the trough from 
below, and by auxiliary burners which may be applied to the glass surface. 

In order to start the drawing operation a bait is employed consisting of a 
flat iron bar 6ft. long and 3ins. wide, attached to flexible metal strips. This 
bar is let down over the bending roller until it comes into contact with the glass 
in the trough, and as soon as the glass grips the bait it is drawn in a vertical 
direction until it reaches the bending roller, after which it takes a horizontal 
direction. The sheet is moved forward by the agency of the two pairs of knurled 
rgllers just above the glass level, and the pair of endless belt tractors applied 
to the sheet immediately beyond the bending rollers. The bait is cracked 
off when it reaches the flattening table, which is about loft. from the bending 
roller, and the sheet then moves forward on a series of 200 asbestos-covered 
rollers along the annealing lehr, which is 200ft. in length, and heated with gas 
burners so spaced as to give the necessary temperature gradient to produce 
satisfactory annealing. The temperature in the lehr is controlled by a series 
of thermo-couple pyrometers. 

The knurled rollers which grip the sheet as it is drawn from the trough are 
water ccoled, and a water cooling device stretches across the drawing trough 
on both sides Ihe sheet as it emerges from the trough. This cooling is for the 
purpose of causing the glass to set. The speed of the knurled rollers plays an 
important part in the production of a good sheet, and it has been found of 
advantage to rotate these rollers at a peripheral speed slightly less than that 
with which the sheet passes over the drawing table. 

^Since the sheet has been cooled to cause it to set, it is necessary to heat 
it; somewhat by the application of burners immediately before it passes over 
the first roller. This first roller is the actual bending roller, the second one 
of • a i m i l a r dimensions being an idler roller. The condition and control of 
this, bending roller is very important. It is made of a non-corrodible alloy. 
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nichrome, having given best results out of the nine or ten special alloys tested. 
The roller is bins, in external diameter, and has a wall of lin. thickness. 
Both the bending roller and the idler roller are air cooled, the extent of cooling 
being regulated by the operator; the temperature maintained is such that at 
night they can be seen to be barely a dull red. If the roller becomes too hot 
the sheet begins to stick to it, whilst if it is too cold the sheet becomes checked. 

The limits of thickness of the sheets drawn by the machine are i/24in. 
and 5/i6in., the rate of drawing varying from looins. to 25ins. per minute. 
Each drawing machine has a capacity rated at 500 to 550 boxes of single strength 
glass per 24 hours, and in the majority of the plants erected in the last three 
or four years two drawing machines have been constructed to each melting 
tank, the latter being situated in the middle, thus feeding glass to drawing 
troughs situated at each extremity. 

The West Virginia plant at Charleston now has a capacity for producing 
150 million square feet of single thickness sheet per annum. Two other small 
plants have been erected in America, and the process has spread to Europe 
and other countries. The parent European plant, which at one time it was 
hoped would be located in this country, was ultimately established at Moll, 
in Belgium. A factory is now in operation in Switzerland, and others are 
under construction in France, Spain, and Italy. Japan, also, has one of 
these plants, and so, also, has Canada, although the factory in Canada is 
not at present in operation. 

The Ford Plate-Glass Process. 

The process of making plate glass in general use at the present day originated 
in the invention of Thevart in 1665, a process which was developed at the 
famous St. Gobain works. Since that date the method has remained prac¬ 
tically unchanged, although in recent years attention to the detail of furnaces, 
casting tables, lehrs, etc., and especially to developments in grinding and 
polishing, have resulted in considerable increase in the output. The method 
entails melting the glass in pots, removal of the pot and glass from the furnace 
and its transfer to the casting table by means of a crane, the casting of the 
glass on a large iron table in front of a heavy roller, which then traverses the 
table from end to end, rolling out the glass into a sheet. The latter is then 
pushed forward into the first chamber of a long lehr, from the end of which 
it ultimately emerges to be cut up, set on a grinding table, and after being 
gt’ound must again be set in pieces on a polishing table for the final treatment. 

The tendency of all factory operation to-day is towards continuous opera¬ 
tions. The Libbey-Owens and the Fourcault processes produce flat sheet 
in a continuous broad ribbon, which only needs to be cut up into suitable 
pieces by the glass cutter, whilst in the cylinder process, the cylinder must 
first be produced, and then separately cut into lengths, opened out, reheated, 
flattened and annealed. 



833 JOURNAL OF THE ROYAL SOCIETY OF ARTS. July 54. 


In the case of plate-glass production the continuous rolling of pieces of 
great width 12 or more feet, the size of the average casting table, is by no 
means an easy operation. The width of the sheet required for motor car wind 
screens being of comparatively small dimensions has made it possible to begin 
ill continuous process of plate glass manufacture. 

The enormous demand for plate-glass in America, both for constructional 
purposes and for motor cars, and the consequent difficulty of obtaining supplies 
led Ford to a decision to make his own glass. His first step was to purchase 
the Allegheny Plate Glass Co., near Pittsburgh, and as this source of supply 
was still quite inadequate to meet his demands, he had experiments set on 
foot at his Highland Park Works, Detroit, with the view to making plate- 
glass continuously. The result was the establishment on the site of the 
River Rouge Works of a new glass works comprising four units, each unit a 
tank furnace feeding glass continuously to a pair of roUefs, annealing lehrs, 
and continuously operating, grinding and polishing plant, in addition to main¬ 
taining the single experimental unit at Highland Park. 

In the Ford process, the^glass, instead of being melted in a pot, is produced 
in a tank furnace 40 x 20 ft. at the melting end, 16 x 20 ft. at the refining 
end, with a depth of 5ft. The heating of the furnace, as also the subsidiary 
heating operations are carried out by coke oven gas of 530 B.T.U. made at 
the River Rouge plant. The cost of this gas is 25 cents per 1,000 cubic feet. 
At the Highland Park plant coke oven gas is not available, and producer gas 
of average B.T.U. 150 to 160 is employed at a cost of 9 cents per 1,000 cubic 
feet.* 

The refining end of the tank tapers ,to a nose of six feet radius, and to it 
is attached a rectangular fireclay spout or channel, like the boot of the feeding 
devices now so much in use in feeding glass bottle machines. The end of the 
channel adjacent to the furnace has an adjustable fireclay gate which can be 
raised or lowered to control the rate or outflow of the glass. The end of the 
spout, about I2in. wide, from which the glass flows, is itself loins. below the 
level of the glass in the tank. The glass falls from the spout into the angle 
between two water cooled rollers, the upper one qins. diameter, and the lower 
48ins. Gas burners on three sides of the spout are directed on to the glass, 
as it .flows from the spout between the rollers, in order to maintain the glass 
fluid for rolling. 

The rollers are cooled with water, the rate of flow of which is controlled 
Very precisely so as to maintain the outflowing water at a temperature of 
180® F. ’ 

The sheet, 4oins, wide, issues at a slight inclination from between the rollers 
and passes on to an endless belt into the lehr, which is about 440ft. long, and 
has a series of gas burners at intervals to give the necessary temperature 
gradient. The initial temperature of the lehr is 1,150® F., and the lower 

* August, 1924, rates. 
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critical annealing temperature is stated to be 750® F. A series of 15 thermo 
couples are used for the temperature control in the lehr itself. Any one 
point in the rolled sheet passes through the lehr in two hours forty minutes. 
Sample strips are cut from the edge every two hours for examination with 
the view to ascertaining the success of the operation. 

At the end of the lehr the glass is cut into lengths, and set on a grinding 
table which is operated continuously, the pieces being bedded in Plaster of 
Paris on a continuously moving table. The grinding table, which is approxi¬ 
mately the length of the lehr and is parallel to it, consists of two arms united 
by a turntable. From the beginning of the table the glass is carried under 
a series of 42 rotating grinders down the centre of which the grinding material 
is fed by means of a pipe. The grinding is first carried out by coarse sand 
followed by finer sand, and then in successive stages by garnet of different 
gradings. In regard to the sand, a rounded grain sand is preferred, since it 
does not produce deep scratches, and sand from Lake Erie is found to be 
suitable for the purpose. Very much care is given to the control of the 
size of the grains of garnet. The material which flows away from the table is 
recovered and graded in settling tanks, and re-used. 

After the grinding operation the sheets pass to a point on the table 
at which they may be readjusted before passing on under a series 
of 35 polishing wheels which are fed intermittently with small quantities of 
rouge and water. At the turntable, which is arrived at after the sheet has 
passed under the polishers, the sheets are turned over and reset, and sent 
forward on the return journey down the second arm of the table, where the 
second face of the sheet is first ground and then polished. 

The rate at which the glass travels down the table is about 3oin. per minute. 

On the day prior to the writer's visit, the loss on the three separate eight 
hours’ shifts had ranged from 67 to 94 sheets out of a total production per 
shift of 350 sheets. Some of the damaged sheets were salvaged by cutting 
them to smaller special sizes. 

During the early days of the process the loss had been as high as 50 per 
cent., the main faults arising during the annealing and through grinding 
sleeks. Emery had been used instead of garnet initially, but after replacement 
by garnet the loss by scratching had been reduced to less than i per cent. 

The smoothness with which the whole plant appeared to operate was very 
striking. 

One considerable advantage of this continuous process is that the thickness 
of the sheet as rolled can be adjusted so as to reduce the amount of grinding 
necessary to a comparatively small amount. In plate-glass cast by the ordi¬ 
nary process the surfaces may be very rough, due to the roller on the upper 
surface, and on the lower surface to the sand spread over the casting table 
to prevent adherence. In the rolled sheet made by the Ford process only 
faint dapples were to be seen, whilst the thickness of the sheet produced 
from the double roller was about 3/10 of an inch. 
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It may be remarked that attempts to operate continuous systems of plate- 
glass production are now being made in a number of works, and this country 
is not lagging behind in the race. 

‘ The author would like to express his thanks to Messrs. British Window 
Glass Co., Ltd., for specimens, and to Mr. A. Cecil Pilkington for specimen 
models and a number of lantern slides with which the lecture was illustrated. 


DISCUSSION. 

The Chairman, in opening the discussion, said he thought the audience would 
agree that they had listened to an extremely interesting story. The subject was 
a fascinating one, and it. was a remarkable example of how quickly changes dbuld 
take place. Not so very many years ago the manufacture of plate-glass by a 
continuous process was impossible ; indeed, might have been considered un- 
realisable, yet it was going on at the present day. 

Mr. E. a. Coad-Pryor, after thanking Professor Turner for his very lucid 
explanation of the processes of sheet-glass manufacture, said he would like to 
ask how far the window-glass industry had hit the plate-gla.ss industry. One 
would imagine that there was not much competition between the two sections, 
but the plate-glass people must have considerable difficulty in getting rid of the 
smaller pieces of glass which necessarily resulted from their operations, and they 
must be hard put to it to dispose of those pieces. One point about the continuous 
manufacture of plate-glass was that one would imagine in such a process, judging 
from other flow processes in glass, that stringy and cordy glass must be rather 
common, and it would be interesting to know if Professor Turner had any 
information on that point. Perhaps it-was a fact that stringy and cordy glass 
was common in the process and was rejected in large quantities. He would also 
like to ask Professor Turner if he had any information as to the tolerances in 
temperature which the Fourcault and the Libbey-Owens processes demanded. 
One would imagine that in those flow machines, knowing how very quickly the 
viscosity of gla^ changed with comparatively small differences in temperature, 
the tolerance must be very small. When dealing with such a very large quantity 
of glass as i,ooo tons, one could imagine that the glass began to drop in tem¬ 
perature before one realised that the temperature was dropping ; when dealing 
with tons of glass and the temperature went down it was not very easy to get 
it up again, and one could imagine that there were difficulties in that respect. 

Mr. Walter C. Hancock, dealing with the question of the manufacture of 
glass by continuous processes, said that those who, in the early days, had looked 
through a good many patents would be struck by the great amount of success 
which had followed the very numerous and what must have been the very costly 
attempts to perfect those processes. One thing which had struck hiln 
in the Fourcault process was the shallow depth in the float, which seemed to have 
solved the great difficulty of adjusting the thickness of the sheet in order to make 
it drawable. There was one question he would like to put to Professor Turner. 
It'had long been recognised that the hand-production of glass must necessarily 
involve very costly labour. There used to be an old saying that it took three 
generations to make a glass-blower, and it would be interesting if Professor Turner 
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could give any figures with regard to the cost of labour—^not only the number of 
men required for the production of a given number of feet of glass, but also as to 
whether the present labour was less skilled than in the old hand-processes, and 
whether that had introduced any change in cost. It seemed a little surprising 
that Mr. Ford should have introduced a process of making sheets continuously 
in large sizes when, comparatively speaking, he must use a large number of pieces 
of comparatively small dimensions. 

Mr. A. Saxton asked if Professor Turner had formed any opinion as to the 
quality of the glass manufactured by the Fourcault process in comparison with 
the hand-process. Professor Turner had mentioned in connexion with the 
Fourcault process that the time of annealing never exceeded seven minutes. That 
hardly fitted in with the drawings of the various thicknesses, because so far as 
he himself remembered, when one was drawing four millimetre glass the speed 
of drawing was roughly about 14 inches a minute. 

Mr. H. G. Cameron mentioned that when he was in America in 1921 a number 
of German-American journals were advertising pretty extensively the applica¬ 
tion of plate-glass to ordinary dwelling houses. He understood that that 
type of glass had been largely adopted by wealthy Americans in their 
mansions. At that time he did not think the Ford process had developed 
to its present extent, and it seemed to him that the continuous process for the 
production of plate-glass should cheapen it. If there was an advantage in using 
plate-glciss in dwelling houses he thought it would be universally adopted in 
preference to sheet-glass, because with pLate-glass one got a clearer vision of the 
immediate surroundings. 

Professor Turner, in reply, said he had been asked his opinion as to whether 
or not the new window glass processes had affected the plate-glass industry. He 
w'as afraid he had no information in regard to part of that (juestion, but, un¬ 
doubtedly, it was influencing it in this sense that a flatter glass—the more perfectly 
directly drawn sheet-glass—certainly approached more to plate-glass in general 
qualities (the absence of distortion, and so on) than the cylinder-made glass could 
hope to do. In that connexion there was an interesting development. Some 
of his hearers might conceivably have heard of Chance's Patent Plate. This 
was selected window-glass w’hich was ground and polished. The Libbey-Owens 
Company had some months ago determined to begin competition with plate-glass. 
The principle on which it was to work was to draw thicker glass from its machines 
and to grind and polish it. At Toledo they had erected a very large grinding and 
polishing plant which was going to treat the glass made at the Charleston or 
other works. It was originally intended to put down a melting plant at Toledo, 
and that might come later. 

As to the question whether stringy or cordy glass was common, the glass which 
was fed from a tank furnace certainly was not free from these defects. When he 
had been at the Ford plant he had not seen much evidence of cordiness or stringiness. 
That might have been his good fortune. In regard to the Libbey-Owens’ plant, 
he knew they were troubled from time to time with strings and cords, because 
one of their staff had invented a stirring machine in the endeavour to get rid of 
them. However, from the figures which he had seen of the efficiency of production, 
it would seem that cords and strings were not a very vital factor. They existed, 
but they were of less importance than one would imagine. Thpre was another 
reason why he thought that difficulty of cords and strings had been reduced to 
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a minimum—in that the continuous glow process had been adopted by firms who 
already had a reputation for producing glass of very good quality. 

With regard to tolerance in temperature, the question of temperature control 
was really a most important factor, both in the Fourcault process and in the Libbey- 
dwens* process. The audience would have gathered some idea from the diagrams 
what care had to be taken. In the case of the Fourcault process, control could 
be given at several stages, for example, at the neck which joined the main melting 
tank with the T-piece, and then the ports which were placed on both sides of the 
drawing pits. An auxiliary burner might also be employed. The difficulty of 
maintaining constant the temperature of a body of glass was one of the most 
important points which had been raised recently at a Conference at Geneva, 

I where there had been an attempt to force factories to close down for a 24-hour 
period each week. It had been pointed out there that in their processes 
the Fourcault and the Libbey-Owens Companies might have such difficulties of 
control that to stop the operation for 24 hours would mean a very great deal of 
time lost in regaining control, largely because of the question of temperature 
limits. 

Mr. Hancock had asked him a question about which he (Professor Turner), was 
supposed to know nothing. All he could say was that it was estimated—and he 
thought the figures applied also very roughly to the Libbey-Owens process—that 
the cost of drawing one metre of sheet-glass by the Fourcault process was, to the 
cost of production of a square metre of glass by the hand-making process, in the 
ratio of 5 to 7, that was to say that in the Fourcault process the cost was about 
5/7tli of the hand-made process. 

Mr. Saxton had referred to the question of quality. That was really very difficult 
to judge unless one had very considerable experience of sheet-glass, and, 
personally, he did not pretend to be an expert. What one factory 
would call quality A, or first quality, very often would not meet the standards of 
another factory. In the cylinder and machine cylinder process the proportion 
of grade A—^that was, the very first quality—might be 15 to 20 per cent. At least 
those were the figures of a very well-managed factory. In others they would 
run from 25 to 30 per cent., but that was unusual, he understood, for the very 
first quality. There were three qualities, as a rule, and of A it might be said there 
were 15 to 25 percent. He understood in connexion with the Fourcault process 
one of the European plants was claiming that it was now producing something 
like 30 per cent, of Grade A and more than go per cent, actually of saleable glass, 
so that the actual loss was very small. That indicated how the difficulties of 
the process were being overcome and the quality rising. It was undoubtedly 
rising in the same way with the Libbey-Owens process. 

With regard to annealing, he had not said seven, but 12 minutes. The time 
depended on the rate of drawing. The surprising thing was that the glass was 
annealed so well. It suggested that to make the annealing operation continuous 
with the production, led to both easier and more complete annealing, just as in 
the process now being introduced for bottle glass in which the bottles as they 
emerged from the machine passeu straight away into the lehr without any cooling 
off resulted in almost strain-free glassware. Prevention from contact with the 
air, preventing thereby the formation of skin, might be of very great value in 
reducing the time and in increasing the thoroughness of the annealing process. 

The Chairman proposed a hearty vete of thanks to Professor Turner for his 
interesting account of his personal experiences in visiting large works. 
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NOTICE. 


COMPETITION OF INDUSTRIAL DESIGNS. 

An Exhibition of selected works submitted at the Society’s Annual 
Competition of Industrial Designs will be held, by the courtesy of the Director, 
in the North Court of the Victoria and Albert Museum, South Kensington, 
S.W., from Saturday, August ist, to Monday, August 31st (both inclusive). 
The designs exhibited are divided into the following classes: Architectural 
Decoration, Textiles, Furniture, Book Production, Pottery and Glass, and 
Miscellaneous. The Exhibition will be open to the public free. 

The Reports of the Judges, including the awards of travelling scholarships, 
medals and prizes, have now been received, and it is hoped to publish them 
in the Journal at an early date. 


PROCEEDINGS OF THE SOCIETY. 

INDIAN SECTION. 

Friday, May 8th, 1925. 

Sir Reginald Arthur Mant, K.C.I.E., C.S.I., in the Chair. 

The Chairman, in introducing the reader of the paper, said that Sir Gilbert 
Walker, after a brilliant career at Cambridge, where he came out as Senior Wrangler, 
was elected a Fellow of Trinity and appointed mathematical tutor, so that he 
might have looked forward to spending the rest of his days in peaceful contemplation 
of the higher mathematics. But ** some far-reaching Nemesis steered him *’ from his 
home on the banks of the Cam and he fell under the spell of that most coy and 
capricious of aU mistresses, the weather. In 1902 he joined the Meteorological 
Department in India, and two years later was appointed Director-General. For 
upwards of twenty years he studied the habits of his wayward mistress and leam^. 
to anticipate her moods. His annual forecasts of the monsoon rains both winter 
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and summer were always anxiously awaited, because the amount and distribution 
of rainfall in India affected the happiness of countless millions of people. He 
perfected a system of storm signals by which he saved many ships and their crews 
from destruction. In recent years the Air Force had learned to rely on his forecasts 
of the winds before setting out on raids and expeditions. It seemed strange that 
a man sitting in a secluded office in Simla should be able to keep his finger on the 
pulse of the spirits of the air, but that was what Sir Gilbert did, and he would 
ask him now to give the Society some idea as to how it was done. 

The paper read was :— 

THE METEOROLOGY OF INDIA. 

By Si^ Gilbert T. Walker, C.S.I., M.A., Sc.D., Ph.D., F.R.A.S., F.R.S., 

Professor of Meteorology, Imperial College of Science and Technology, and 
late Director of Indian Observatories. 

The climate of India is of special interest, not merely as that of the greatest 
tropical region in the British Empire, but also because it seems to have been 
designed by nature with the object of demonstrating physical processes on 
a huge scale. The area involved includes the driest of deserts and the 
steamiest of swamps; part of it is in great measure isolated from external 
influence to the north by the most complete mountain barrier in the world, 
so that many of nature's experiments are not disturbed by interference from 
outside; and in Ladak, which is a western continuation of Tibet, we can 
observe minimum temperatures which are not only relatively, but actually, 
arctic. 

The explanation of the great temperature differences lies in the extreme 
transparency of the air to heat radiated from the groimd during the very 
dry winter periods. At the Punjab hill stations on clear nights in December 
the warmth of the ground radiates fast into space; and the air in contact with 
the ground is chilled, becomes heavy and runs away downhill, its place being 
taken by unchilled air at 38® or 40® F., of which there is an unlimited supply: 
so the temperature at the hill station cannot fall below about 38®. On llie 
other hand, at Rawalpindi, at the foot of the hills, the air, after being 
chilled, can find no escape and the minimum of 37® so produced is, 
night after night, lower than that of the hill stations. If we want a 
low minimum at a high elevation, we must find a place like an air 
tank without an outlet: accordingly at Annandale, 800 feet below 
the Simla ridge, where the air is largely enclosed, the night temperature 
is about 18® lower than on the ridge. An obvious application of the principle 
was to use a low canvas screen to check the escape of air from the Simla skating 
rink; and while in the gentler frosts’of early winter the ice was improved, 
the screen became unpopular in January, because the ice was too hard to 
be skated on with pleasure. Eyen in the da}^ime the chilling by radiation 
at Simla is'so powerful that it is customary to flood the rink at 10.30 in the 
morning, for the water will be good ice for skating by 4.30 p.m., though the tem- 
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perature in the shade four feet above the ice varies between 43® and 50® F. At 
Dras, in Ladak, the conditions in a broad valley at 10,000 feet are so favourable 
for radiation that 72 Fahrenheit degrees of frost are occasionally measured at 
our observatory. The familiar ** cold weather line ” of the Punjab hill stations 
marks the boundary over the plains between the chilled air below and the 
warmer air above; the evening’s smoke and dust will rise through the cold 
air as soon as they are warm enough to do so, but on reaching the boundary 
these will be colder than the heated and light air above the boundary; further 
ascent will be impossible and the smoke must spread out in a horizontal sheet. 

Another consequence of the large temperature contrasts in dry desert air 
is the production, where there is a favourable distribution of hills in the 
neighbourhood, of extremely strong winds; for air will flow from a region of 
cold descending air to a region of hot ascending air. In Seistan the prevailing 
wind of this type is N.N.W. and is so strong that great sand dunes form, while 
sand and stones lifted into the air gnaw away the brickwork of ancient towers; 
see Fig. i, for which I am indebted to Sir T. R. J. Ward. In 1905, 
during the passage of a winter depression. Sir Henry MacMahon’s three 



Fig. t. 


841 JOURNAL OF THE ROYAL SOCIETY OF ARTS. July si. ms. 


aoemometers all registered hurricane winds of 90 miles an hour, and 
an average of 65 miles an hour over 16 hours. An interesting account of his 
most unpleasant experience wiU be found in the Journal of the Royal Geo¬ 
graphical Society for September, 1906. Similar winds, though of less fury, 
are, as Sir Aurel Stein tells me, to be met with under analogous conditions 
in several places in Tibet. 

Turning now to India’s most characteristic feature, the S.W. monsoon, it 
is generally accepted that the source of its moisture lies in the winds of the 
In^n Ocean, shown in diagram. Fig. 2, from Bartholomew’s Atlas of 
Meteorology : the upper currents of air, which arrive by a route over Western 
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Asia, will be comparatively dry. We see that the S.W. winds of the Arabian 
Sea, which can be traced back across the equator, are in the main, 
continuous with the S.E. trades, which start near the latitude of 
Mauritius. The three weeks' journey over the sea affords time for air dry 
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at its origin to become saturated with moisture to a considerable height. The 
need of this is clear, for if all the water vapour in a vertical column of air 
20,000 feet high in July under average conditions at Agra were condensed into 
liquid, it would only produce 2.8 inches of rain ; so the falls of 30 to 40 inches 
in a day, which occur in the western ghats and the corresponding hills near the 
Burma coast, combined with moderately heavy rain inland, require a consid¬ 
erable current of moisture-laden air. 

I must not linger on the theoretical side of my subject, and will pass on to 
practical applications. The terrible drought of 1876-1877 led to an insistent 
demand for some means of foreseeing a failure in the rains, and Blanford^ 
who organised the India weather department, began about 40 years ago to 
produce forecasts b’ased mainly on the winter snowfall. As the photograph 
indicates, the N.W. Himalayas are fairly bare in November; but in May 
they are well covered in some years, while in others the snow-clad area forms 
but a comparatively small fraction of the total surface. Blanford's successor, 
Eliot, made a notable advance when he recognised that for a satisfactory 
prediction it was necessary to examine conditions over the Indian Ocean; 
but he was almost single-handed, and the difficulties under which he carried 
on his executive work left him little chance of research over a wider field. 
It is now clear that the marked difference between the air motions producing 
abundant and scanty rainfall is associated with marked differences in the con¬ 
ditions over a large part of the earth's surface, some of which precede and some 
follow the Indian monsoon period; the former may obviously be utilised in 
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forecasting. A glance at the pressure chart of the world in July will show how 
variations in strength or position of the areas of high and low pressure will 
determine the rain-bearing winds and so the weather over much of the earth; 
^ 3» from Hann*s Meteorologie; such critical places are called 

" centres of action/* and a laborious statistical examination of the 
relations of each of these with the rest all the year round has 
brought to light many important facts. Thus we find that abundant 
Indian rains tend to be associated with low pressure in India, Java, Australia 
and S. Africa; with high pressure in the central Pacific Ocean (Samoa and 
Honolulu) and South America (Chile and the Argentine); with previous scanty 
rainfall in Java, Zanzibar, Seychelles and South Rhodesia; and with low 
temperature in the Aleutian Islands. The relations between some of these 
pressure factors are illustrated on the screen; see Fig. 4. 



Fig. 4. 


In 1908, when but a limited amount of material had been examined, a formula 
for the total rainfall of India was published, of which the performance is given 
in the diagram. The amount of the excess or defect of the rainfall, as compared 
with the normal, is plotted for each'year, and a line drawn through the points 
obtained. The calculated rainfall, as given by the formula, is shown by the 
upper curve and the actual by the lower, and before 1908 the similarity of 
the two curves indicates the extent to which the formula explained past rain¬ 
fall. In subsequent years, however, the comparison shows the value of the formula 
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as used for prediction. As will be seen, it is only when the indications are 
strongly marked (as shown by a firm line, not a dotted one, in Fig. 5) 
that conclusions can usefully be drawn; but out of the 16 years which have 
passed, there are nine years in which a departure of an inch or more was 
indicated, and in eight years out of nine the rains were in excess or defect 
when this was given by the formula. This success is somewhat greater than 
theory would lead us to expect under the special conditions, but the experience 
affords ground for hoping that the much improved methods based on more recent 
work and applied to forecasting the total rainfall of N.W. India or the Peninsula 
will give results not inferior in usefulness. As an example of recent formulae 
we may take that of 1924 for predicting the monsoon in N.W. India. Its 
ability to account for past abnormalities is shown on the same diagram. It is 
distinctly better than that of the 1908 formula, but there is only one forecast 
based on it, that of 1924. 

One of the first tasks allotted to the department in 1875 was that of warning 
for storms at sea, and few who have not experienced hurricane winds can 
have any idea of their violence. I owe to Dr. Simpson, of the London 
Meteorological Office, the opportunity of showing you a photograph (Fig. 6) made 
on a ship in a gale in the South Indian Ocean, and another in the China seas 
in a typhoon, which is similar to a cyclone in the Bay of Bengal or the Arabian 
Sea. 

One reason why we find it hard to realise the terrible nature of the hurricanes 
is that we do not appreciate the weight of air, which, though only^ an eight- 
hundredth of that of water, is still of serious importance when velocities are 
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high. Thus a man standing in a gale of 50 miles an hour will, during an hour, 
receive the impact of the air in a column 50 miles long, six feet high and about 
one foot in width: the weight of this is about 58 tons : thus in every minute 
he has a ton of air hurled at him. 

The havoc wrought by storm winds inland recalls at times the effect of a 
bombardment or an earthquake. I wiU put on the screen photographs of the 
school at Vizagapatam before and after a cyclone in 1923, which breached the 
railway in many places and caused very general destruction of thatched houses: 
such damage could not be prevented by warnings from Simla, though these 
proved of great help to shipping and prevented many casualties. The effects of 
this storm were, however, almost trivial by comparison with those of some 
which have crossed the head of the Bay of Bengal. Thus the Bakargan j cyclone 
of 1876 produced in about half-an«hour a storm wave of from 10 to 30 or 40 feet, 
and drove this with irresistible fury over the low-l3dng districts near the mouth 
of tb^Megna. In about six hours the loss of life by drowning was 100,000, and 
the ^Spsequent loss from disease, chiefly cholera, was another 100,000. 

In order to provide for such contingencies the system of warning telegrams 
to port officers and‘broadcast wireless messages to shipping has been supple¬ 
mented by an organisation for sending telegrams to local officers in the inland 
districts of Bengal when they are threatened by a cyclone. 

The severest storms usually form either before or after the period of the S.W. 
monsoon; stoims during that period are relatively mild at sea, but cover great 
distances inland and produce heavy rain near dieir tracks. On account of 
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the general steadiness of their motion it is not in general extremely difficult 
to give warnings shortly in advance to those in charge of canals or railways 
that would be damaged by heavy rain ; but there is still much research work 
to be done. We have photographs of a partial breach in an embankment 
at Pelhi, followed by that of a breach of the Cauvery River. As an example 
of what can be done merely by excessive monsoon rain without a cyclone, 
we have a scene in the Malabar floods of last July. 

From the appalling destruction wrought by the tornadoes of the United 
States, India is, fortunately, comparatively free. But in most years examples 
occur of trains being blown from the lines by winds associated with thunder¬ 
storms of exceptional violence, though the funnel-shaped cloud that is 
characteristic of a tornado is not always reported. I know of no reproductions 
of the amazing way in which the destruction of an American tornado ceases 
at a sharply defined boundary, a grand piano being carried away from one side 
of a room while in the other the photographs on the mantelshelf are untouched ; 
but in 1900, at Goalpara, a tornado wipad out five or six villages and carried 
a few men over a hundred yards, while in 1899 at Moradabad 230 persons were 
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killed, those out in the open being pounded to death by hailstones. The 
photograph before you (Fig. 7) shows the effect of a tornado last year at 
Bareilly which led to a serious railway accident, with the loss of about 30 lives. 

The value of a knowledge of upper air conditions to aeronauts needs no em¬ 
phasis after the triumphal return of the R33, in which the information given 
by the English weather service played an irnportant part; and although a 
beginning of the organisation of kite and balloon ascents was made under Mr. 
Field's charge in 1904 and a considerable amount of work had been done by a 
temporary staff in observing facts and making them available for aeronauts 
and n^teorologists, it was not until last year that our struggles to have this 
work put on a permanent footing proved successful. At Agra we have now 
a well-equipped central observatory, and there are about eight subordinate 
stations sending up daily small pilot balloons two to four feet in diameter, 
usually reaching in clear weather to heights of about 20,000 feet. A pilot 
balloon drifts with the air as it rises through it, and so its path shows the 
direction and strength of the horizontal currents when watched through a 
theodolite. From time to time at Agra we also send up rather larger sounding 
balloons, carrying instruments weighing an ounce, and bringing down a record 
of pressure and temperature during their ascent. 

. We have on the screen an uneducated peasant who has been taught to 
make balloons of thin gutta-percha sheet, and two coolies bringing back an 
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instrument that they have found, in order to secure the reward that is promised 
on a label. It is expected that the assistance rendered by us to aeronauts 
in warnings of storms or strong head winds will be reciprocated, and that their 
observations will throw light on the processes taking place in the air. The 
photograph, due to Captain Douglas, shows how insight into cloud formation 
has already been obtained by flying through layers of cloud, the wave-like 
motion being here conspicuous ; and in a second photograph (Fig. 8) we see how 
different a cloudscape seen from above is from one viewed from the ground. 
It is, unluckily, hard to make photographs of sunsets in their natural colours; 
but I have been able to secure one example from the useful collection of the 
Royal Meteorological Society. 

I have tried to indicate some of the ways in which meteorology alone is 
vitally connected with the economic life of a nation; I will now draw your 
attention to some developments in co-operation with other sciences. 

The relations of meteorology and medicine are of rapidly growing importance. 
The Weather Department issues warnings to the medical of the danger of sun- 
troke or heat apoplexy when the wet bulb temperature approaches 85^ F, • 
and both humidity and temperature have a big influence on the incidence of 
disease. We have on the screen a diagram illustrating the close control of the 
rainfall of July and August on the malaria of the succeeding October and 
November in the Punjab : and you will notice how suddenly the relationship 
ceases after 1910 : this unfortunate spoiling of our diagram is, I believe, due to 
the activity of the Medical Department in the administration of quinine. 
Nowadays the rainfall data are annually used to forecast in what parts of the 
Punjab malaria will be serious; and local arrangements are made for com 
bating the disease before its activity has developed. 

In connexion with forestry a matter of the greatest importance was that 
of the influence of forests on rainfall, and the Government of India accepted 
the opinion of the department that while the direct effect on rainfall of the 
destruction of forests was inappreciable, the indirect effect on the humidity 
of the soil was enormous. As we see on the screen, the disappearance of the 
roots of the trees leads to the washing away of the soil which they assisted to 
hold in position, and after a day’s heavy rain the water runs away rapidly 
instead of soaking into the earth and trickling into the streams for weeks 
or month safter. Channels get scoured deeper and deeper and ultimately the 
level of the subsoil water falls so low that the growth of crops becomes very 
difficult. 

A scheme that I was tr5dng to promote recently was that of cooling the 
air in big Government buildings, such Jte. secretariats. Over the large part of 
India in which the air is dry during the hot weather, the process of cooling it 
by 15® would not be expensive if the necessary appliances were inserted when 
the building was erected. On entering the cooled premises it might be desirable 
to wear a light overcoat for a few minutes; but after that no difficulty would 
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arise, and the circulation of fresh air at a moderate temperature adds con¬ 
siderably to mental activity. The cost would be but a small fraction of the 
salaries of the officers employed, except in regions where the air is damp and 
special arrangements would be necessary for drying it, like those which are 
generally employed in cotton mills. However, the present time is not 
financially favourable for these proposals. 

Finally, a few remarks on the economic and social relationships of 
meteorology, which in India are of exceptional importance, because rainfall 
affects the area of land which is placed under cultivation as well as the success 
of the crops; it affects the incidence of malaria and plague, and on these depend 
the population available for tilling the soil and working in factories. Thus, 
while it is essential for steady progress to learn by statistical methods what 
are the relationships between the factors controlling national well-being, it 
is clear that weather is one of the most important of them. We have before 
us a diagram which I once prepared to show some of these factors in Bengal; 
and in order to bring home to you the need of care in handling such matters, 
I will put before you a diagram of which the two top curves appear to show 
that in England illiteracy at marriage produces an abundance, not a dearth> 
of employment. These curves are taken from authoritative sources, and the 
two lower curves will, I hope, remove the shock that some of you may be 
feeling. They demonstrate that a revival of trade has two direct consequences. 
In addition to the obvious diminution of unemployment it makes marriage 
possible for a number of the manually working classes; thus it also increases the 
proportion of those who make their marks in the marriage registers instead 
of signing them. In order, therefore, to derive reliable conclusions I hold 
that an examination of such questions is worthy of the best brains that India 
can produce. 

Before sitting down I would like to acknowledge the greatness of the debt 
which the Meteorological Department of India owes to my colleagues for the 
developments that have been effected during the past 21 years. In particular 
I would mention Mr. J. H. Field, Dr. G. C. Simpson, now Director of the 
English service. Dr. C. W. B. Normand, and R. B. Hem Raj, who sacrificed 
his life in the cause of the allies by concealing a serious illness in order that 
he might eontinue his important assistance in an under-staffed office. 


DISCUSSION. 

The Chairman (Sir Reginald Manx) said there were many points in Sir Gilbert 
Walker's lecture which he would be tempted to discuss if time permitted. For 
instance, his explanation of the cold weather line was most interesting to those 
of them who knew and loved the Punjab hills and had so often seen that remarkable 
straight line which appeared on the southern horizon on clear October evenings, 
and marked the end of the rains and the advent of the cold weather. Sir Gilbert 
had not explained why the boundary between the colder air below and the warmer 
air above should be so straight, but the speaker sup^iio^ed it was because the plains 
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were so flat and the air so still. Then there were the relations of meteorology 
and medicine, and storm warnings to ships and canal engineers, but there were 
experts present who, he hoped, would speak on these subjects, and as the time 
was limited he would confine himself to a few general aspects of the subject. 

The weather was probably the most common topic of conversation in this 
country, but if the farmer, the sailor and the aeronaut were excepted, it was not 
a matter of vital importance to most people. Broadly speaking, it affected their 
convenience and recreations more than their livelihood. But in India, where 
the great bulk of the population were dependent on agriculture for their daily 
bread and most of the crops grown required seasonal rains, the course of the 
monsoon was really a vital matter. So the forecasts of the monsoon constituted 
one of the most important, as well as the most difficult, of Sir Gilbert Walker’s 
tasks in India, and it was, the speaker thought, in the investigation of this problem 
that he had made his greatest contribution to the sum of human knowledge. 

When the speaker first visited Sir Gilbert’s office in Simla many years ago he 
was struck with the immense amount of spade work that he was doing. He had 
rows and rows of pigeon-holes in which he collected all sorts of curious coincidences. 
When he found two different phenomena varying in unison over a series of years, 
he put them into one pigeon-hole and eventually into one diagram, although to a 
layman there might seem to be no possible causal relation between them. He 
came away with the impression that meteorology was simply a jumble of observed 
coincidences. The monsoon forecasts themselves gave some colour to this view.. 
He fancied the prophets had always worked on the same lines in different ages. 
The old Roman augurs were guided by omens, such as the flight of birds, and in 
much the same way the monsoon forecasts referred to good and bad signs. Low 
pressure in Java and high pressure in South America were good signs, while heavy 
rain in the Seychelles was a bad sign, and so on. The good and bad were set 
against each other, and if on the balance the omens were favourable a prosperous 
year was predicted. 

The speaker once had the hardihood to make a suggestion to Sir Gilbert for his 
local Simla forecast, in which he used to tell them every morning what weather to 
expect in the afternoon. His suggestion was that during the monsoon months, when 
it rained nearly every day, he should have a standing prediction of ** some rain.” 
If there was moderate rain the forecast would obviously be right, and if the rain 
was torrential, as it often was, he could say that he was prophesying in American, 
” Some rain” Sir Gilbert never acted on that suggestion. Perhaps he thought 
it was flippant. The speaker learned afterwards to pay more respect to his 
methods, and he had shown them that day how frequently tiiey brought out correct 
results. In fact, he thought he had shown them that meteorology in India had 
made immense strides under his direction during the last twenty years. But 
he was still not clear how far he had established, or even envisaged, a causal con¬ 
nexion between the various phenomena which he had shown to be correlative. 
He had told them that abundant Indian rains tended to be associated with certain 
pressure factors in various parts of the world. He would like to ask him whether 
these factors were to be regarded as causes, direct or indirect, of the rains, or 
whether the meteorologist was still in the stage of observing coincidences. For 
instance, did the high pressure in South America actually produce conditions 
favourable to Indian rainfall, or was it even an effect or manifestation of some 
common cause which produced those conditions ? He had no doubt that Sir 
Gilbert had at least a working hypothesis in this connexion, and he hoped he would 
let them into the secret of it. 
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When the causes of the variations in the periodic rainfall in India had been 
scientifically established, the fascinating question would arise whether man could 
do anything to control them. He noticed in Sir Gilbert Walker’s paper only one 
instance in which it had been possible to modify the processes of nature, and that 
was a very small one, the canvas screen round the skating rink at Simla. Sir 
Gilbert rejected the theory that the destruction of some of the forests of India 
had any appreciable effect on the rainfall. The speaker had himself had occasion 
to study the papers on this subject and had no doubt that the conclusion of the 
Meteorological Department was correct. But there was another great physical 
change which had been effected in India in recent years, and which might conceiv¬ 
ably have climatic effects—he referred to the conversion of many millions of acres 
of dpsert into cornfields by canal irrigation. He had heard it stated that in the 
Punjab, where the largest area had been redeemed, the climate had been improved, 
if not by more regular rainfall, at least by mitigation of the intense heat of the 
summer. Perhaps Sir Gilbert could tell them whether his statistics showed any 
evidence of material changes, and whether he thought there was any possibility 
of canal irrigation affecting the winter rains in Upper India, which were so im¬ 
portant for the wheat crop. 

He could not think of any other direction in which human operations were 
likely to influence the broad movements of the weather in India, but, as he said 
in his opening remarks. Sir Gilbert Walker had devoted himself assiduously to 
the service of this wayward mistress, and he would like to know from him whether 
he thought that man could ever hope to be her master. 

Sir Edward A. Gait, K.C.S.I., C.I.E., said that Sir Gilbert Walker had omitted 
to tell them that the Indian Meteorological Department, over which he presided 
so ably for nearly twenty years, bulked much more largely in that country in the 
public eye than did the corresponding department at home. There were two 
reasons for this. The first was that India was primarily an agricultural country, 
so that variations in the rainfall in India had a much greater effect on the crops 
than in England. The second reason was that the Indian Meteorological Depart¬ 
ment was more ambitious than the English one, for whereas the latter confined 
its public prognostications to a period of 24 hours, the Indian Department 
endeavoured in the spring to foretell the course of the whole of the monsoon 
rains lasting for a period of three or four months. The author had traced the 
gradual development of meteorological science in India and had shown how at the 
beginning the forecasts of the course of the monsoon had been based entirely on 
the state of the snows in the Himalayas. That was only one of many factors 
determining the result, and he knew from his personal experience that the inform¬ 
ation originally collected was not very accurate. The idea at first was to get it 
from the District Officer. Close on forty years ago, shortly after he had been 
posted to a sub-Himalayan sub-division, he received a letter asking him how 
much snow had fallen in the hills. The Tibetans who came down in the winter 
months had returned to the hills, and he had no means of getting accurate inform¬ 
ation. But he was too young to admit defeat, and so he made what enquiries he 
could from the local people, who were almost as ignorant as himself, and sent in 
his report to the Deputy Commissioner. The Deputy Commissioner adopted his 
report as his own ; the local Government did likewise, and the forecast regarding 
the probable course of the monsoon in Assam was thus upon the report he had 
sent in I Matters had moved a great deal since those days. Sir John Elliot 
discovered that the conditions in the Indian Ocean were an important factor. 
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Then it was found that the rainfall in India tended to vary inversely with the 
height of the Nile, then that the conditions in South America had an important 
influence, and now data were collected from all over the world and were used to 
forecast the weather in India. The stage had now been reached at which there 
was a reasonable degree of accuracy in the forecasts. He would like to ask 
one question of the author—namely, whether there was any explanation of the 
way in which a small area was sometimes neglected by the monsoon, although 
the areas all around it had copious rains. Was this a matter of mere chance, 
or was there some scientific explanation ? 

Dr. G. C. Simpson, C.B.E., F.R.S. (Director of the Meteorological Office) supposed 
that no Government established a meteorological service without the definite aim 
of providing something which the people needed. In other words, every 
meteorological service had definitely a practical aim. If that was so he would 
like to ask some of the administrators present whether they did not think that the 
meteorological service in India had well fulfilled the purpose for which it was 
founded. The Meteorological Office there conducted work connected with the 
warning of ships, warning of floods, and warning even of the danger of sunstroke. 
From his own experience in India he was quite certain that the whole cost of the 
Meteorological Office had been frequently repaid in some small work which had 
hardly been recognised by the public. There was one branch of the work done 
in India which few people realised—namely, the constant, daily, steady accumula¬ 
tion of data, as a result of which the meteorological conditions were probably better 
known in India than in most other civilised countries, and certainly better 
than in any tropical part of the world. India, therefore, needed no justification 
for its meteorological department. But India had been served by three directors 
of its meteorological department—Blanford, Eliot and Walker—who, before they 
were meteorologists, were scientists, and they had realised that one could not 
undertake any application of science before the science itself was understood. 
The only way to advance in a scientific subject was to do the science first for its 
own sake, for the knowledge it afforded, without any ulterior motive. That 
was realised by Sir Gilbert Walker as much as by any one. When he (the speaker) 
went to India in igo6 Sir Gilbert allowed him to work at atmospheric electricity, 
which, as far as was known, had no direct bearing upon anything done by the 
department. He allowed another worker to investigate the upper air, and in those 
days no one could say why such investigation was necessary. But what had 
happened ? The investigation of the upper air was being applied to a new kind of 
navigation, which was never considered at the time. So one felt that all along the 
line this sort of work was justified. There were any number of questions which 
might be asked on the paper. The more that administrators asked those questions 
the more confident would those in charge of meteorological departments feel in 
asking them for money to aid their investigations. Speaking with a considerable 
amount of knowledge of meteorological services in various parts of the world, he 
could say that the meteorological service in India compared favourably with every 
one of them, and he hoped that its future would always be equal to its past. 

Lieut.-Colonel Sir Leonard Rogers, C.I.E., F.R.S., M.D., showed a number 
of maps and diagrams to illustrate some receht work on the distribution of certain 
diseases in India in relation to the rainfall, the humidity, and the prevailing winds. 
He mentioned that it was now just over thirty years ago since he began to work 
on the relation of malaria to climatic conditions in India. This varied greatly. 
In some places there was a close relationship between the amount of rain and 
the malaria, but in Eastern Bengal the condition was exactly the opposite to 
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what it was in most parts of India, and there was least malaria when there was 
most rain. If the monsoon went on late there was only a short drying up period 
before the minimum temperature fell to 60 deg., and as soon as the minimum 
temperature fell to 60 deg., the malaria came down with a run. In Calcutta and 
its neighbourhood he could not find any relationship with total rainfall at all, 
and it was not till he had worked it out day by day that he found that there was 
most malaria when there were breaks in the monsoon, which allowed the mosquitoes 
carrying the malaria to breed in enormous numbers on the country-side. He 
had formally drawn the attention of the Government of India to the question, 
but not till some years afterwards did he hear that it was considering the issue 
of forecasts. Colonel Gill had issued forecasts for about three or four years, stating 
wlfat areas were going to get most malaria, and they had “ come off " absolutely. 
There were wonderful meteorological records available in India. He showed a 
map illustrating the distribution of leprosy in India in relation to the rainfall 
and to the geological character of the land also. Everywhere with a high rainfall 
high leprosy rates were met with. In the case of tuberculosis there was an extra¬ 
ordinary low rate in the very rainy district of Assam, which was difficult to account 
for at first sight, but when the data with regard to humidity and the rain-bearing 
winds were considered an explanation was seen. His map showed diagrammatical!y 
how moist currents might extend much further than the area of actual rainfall, 
which accounted for the high tuberculosis rate in certain areas which did not 
have a great rainfall; these areas were under the influence, nevertheless, of these 
moist winds. But in Assam, with its high rainfall and its low tuberculosis rate, 
there was a protection by certain elevations against the monsoon wind. Although 
there was heavy rain in this region, there was not the direct monsoon current. 
These data agreed exactly with what had been found in Devonshire, where the 
high tuberculosis rate was found in places exposed to the rain-bearing moist winds. 
There was a portion of country in southern central Madras which showed apparently 
a high tuberculosis rate and a low leprosy rate. The explanation was that there 
were gaps in the hills which exposed the country to the influence of the wet winds. 
The incidence of pneumonia accounted for a clear-cut picture on the map of India. 
A high pneumonia rate was found up in the North-West Frontier; 60 per cent, 
of the pneumonia cases occurred in the cold weather months. The minimum 
temperatures were shown to be down to 30 or 35 deg. in the area of the high 
pneumonia rate. His map showed in the areas where there was a high pneumonia 
rate a diurnal variation of temperature of over 30 deg. The high pneumonia 
rate was in relation to the cold and dry atmosphere and the great diurnal variations 
of temperature. Although it was well known that pneumonia was due to the 
pneumo-coccus, that organism was present in the throats of an enormous number 
of people who never got pneumonia, and it was necessary to seek a further cause, 
and that was chill. There was another condition which he was not able to 
illustrate by means of a map, but which had been the subject of some recent in¬ 
vestigation on his part. This was smallpox. In this country not very much 
smallpox had been seen of recent years, although the fact that one-third of our 
children were not vaccinated laid us open to the possibility of a serious epidemic, 
and in America a very fatal outbreak had been experienced. He had worked 
out the monthly figures for India from 1877 up to the present day. The figures 
showed that smallpox always came down in the rainy season, and he had discovered 
that .whenever there was a year of very deficient rainfall the following year saw 
an Outbreak of smallpox. In the case of eight different outbreaks in Bombay, 
each outbr^k had followed a year of low rainfall. His explanation was that there 
was always a great fall in smallpox during the rainy season, when the humidity 
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was at its height, and that in years of exceptionally low rainfall the humidity did 
not rise high enough to bring about the usual decrease, so that there was already 
a legacy of cases, as it were, before the ordinary seasonal increase with the onset 
of cold weather began, and this led to an epidemic. It should be possible, therefore, 
to forecast an outbreak of smallpox in the future. He spoke of the enormous 
value of such data as had been accumulated by the Meteorological Department. 

Sir Thomas R. J. Ward, C.I.E., M.V.O., M.Inst.C.E., thanked Sir Gilbert 
Walker and his able adjutant, Dr. Simpson, for the invaluable work they had done, 
more especially in assisting irrigation in India. The working of canals was a very 
complicated problem, into which there was not time to enter at that moment. The 
downfalls of rain, although very regular on the average, in detail varied con¬ 
siderably. coming sometimes early and sometimes late, and the farmer had often 
to consider whether he would take canal water or would wait for the rain. If 
he took canal water and the rain came, he ran the risk of being over-irrigated. 
Dr. Simpson had urged on him at a time when he (the speaker) was in charge of one 
of the irrigation works in the Punjab that if he proved right in his forecasts twice 
out of three times, he should place himself in his hands and regulate 
accordingly. At that time he (Sir T. Ward) did not give him a very encouraging 
answer, but now, being out of the fray,** he was glad to recognise his courage, 
and to admit that Dr. Simpson’s method, that of trial and error, was the only 
one whereby meteorology could be made of help to the farmer. He found that the 
younger generation of irrigation officers studied the weather forecasts very carefully, 
and regulated their doings very largely by those forecasts. It was too late in the 
evening to enter into more detail, but he would like to say that the farmer of 
India was one of the most progressive in the world. He pointed to the 
wonderful steamships and railways, docks and canals, which connected up the Indian 
farmer with the markets of the world. It might be said that these were started 
as Imperial communications. He was inclined to think that the people who 
pioneered them suggested the Imperial communication as a camouflage in order 
to provide the farmers with the necessary facilities, knowing well that when once 
they were provided the farmer would fully utilise them. Even in the time he 
had been connected with India, these steamship lines and docks, railwa3rs and 
canals, had been extended and rebuilt many times, and always the cry was for 
better facilities and more of them. He felt sure that if Sir Gilbert Walker’s 
successors would only rely on the farmer’s readiness to avail himself of facilities 
that would produce good results, meteorology in India would have an even greater 
future before it. He knew that his own successors in India gratefully appreciated 
the work of the great scientists of the Meteorological Department, and he would 
like to record the enormous help they had been to himself. 

Mr. R. k-AsABRELTON asked whether the concussion of aii which took place 
during the war owing to explosives had any influence upon weather conditions. 
He found that this was believed to be the case in South Africa, owing to the great 
changes in those conditions which were noticed after the War of 1899-1902 for 
some years, especially in Natal. 

Sir Gilbert Walker, in reply, said that with regard to the evenness of the 
cold weather line to which the Chairman had alluded, he fancied this was mainly 
due to the stillness of the air and the fact that the cold air down below was the 
heavier. He had.been asked whether monsoon forecasting was on a scientific 
basis or was merely empirical. It was frankly empirical, but the onl^ way in which 
so complicated a matter could be handled was by finding out the facts empirically 
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first. The general idea in their minds when forecasting was that the variations 
conditioning a good monsoon were those associated with the strengthening up of 
the general circulation of the air, and vice versa. The question whether there was 
any influence traceable on the climate of the Punjab from the extension of canal 
irrigation carried, he thought, a negative reply. The clearest instance in which 
it might be hoped to find an effect of irrigation was right in the heart of the canal- 
irrigated region, but if one drew a diagram of the changes in humidity from year 
to year and endeavoured to find out some place in which there was a discontinuity 
it was quite impossible to see it. Being unable to find any change in humidity 
due to this cause, it seemed to him unlikely that there was any change in 
other respects. With regard to the possibility of man becoming master of the 
weather, he thought that Sir Napier Shaw had come to a negative conclusion. 

The effect of war and explosions on Indian rainfall excited a good deal of interest 
so far as the newspapers were concerned. For several years every time there was a 
special outburst of rain it was regarded as being due to gunfire in Europe, and 
equally when there was an absence of rain it was put down to the same cause. 
In point of fact he did not think there was the slightest chance of this having had 
any influence. The amount of force exerted was entirely out of proportion to the 
amount of force that would be required to produce any effect. An experiment 
had been tried to protect crops, especially vineyards, against hail. For scores of 
years there had been a belief in Italy and Austria, and at times in America, that 
if a gun were fired into the air so as to produce a large explosion it would bring down 
the humidity of the clouds as rain and not as hail. The conclusion they came to 
in India was that it had no effect whatever. 

Sir Alfred Chatterton, C.I.E., proposed a vote of thanks to Sir Gilbert 
Walker for his paper and to Sir Reginald Mant for presiding. He said that every 
one would agree with him that it had been a pleasant and instructive afternoon. 
He had had very little to do with meteorological problems himself, except in 
connexion with the development of power from the winds. He applied to the 
Meteorological Department for information and came to the conclusion that a 
certain place in the Deccan was the windiest place in India and most 
suitable for windmills. Afterwards he found a very large number of windmills 
set up in that region. Another matter which had interested him was that on 
one occasion in Madras he saw one of those tornadoes of which the lecturer had 
spoken, the amount of destruction in a comparatively short course being extra¬ 
ordinary. It had often occurred to him that if it was known exactly how these 
tornadoes were formed it would be a very good thing to manufacture artificial 
tornadoes, in addition to our other air defences, and direct them in the course 
of hostile aeroplanes or airships. 

The motion was carried unanimously. 


GENERAL NOTE. 

Forest Products Research.— The Lord President of the Council has appointed 
Mr. R. S. Pearson, C.I.E., F.L.S., (Forest Economist, Forest Research Institute, 
Dehra Dun, India) to be Director of Forest Products Research under the Depart¬ 
ment of Scientific and Industrial Research. Mr. Pearson will be in charge of the 
Forest Products Research Laboratories, in which pure and applied scientific 
research will be carried on to meet the practical needs of the using industries and 
of Departments of State. In 1917 Mr. Pearson contributed to the Society a paper 
on. ** The Recent Industrial and Economic Development of Indian Forest Pro¬ 
ducts." 



JOURNAL OF Tim 
ROYAL SOCIETY OF ARTS 

No. 3794 VOL. LXXIII. 

FRIDAY, AVGUST 7, 1925. 

All communications for the Society should he addressed to the Secretary, John Street, 

Adelphi, W,C. (2.) 

NOTICES. 

EXHIBITION OF INDUSTRIAL DESIGNS. 

VISIT OF H.M. THE QUEEN. 

On Thursday, July 30th, the Queen, attended by Lady Bertha Dawkins, 
honoured the Royal Society of Arts by visiting the Exhibition of selected works 
submitted at the Society’s Annual Competition of Industrial Designs, which 
is now being held, by the courtesy of the Director, in the North Court of the 
Victoria and Albert Museum, and will remain open until August 31st. Her 
Majesty was received by Sir Thomas H. Holland, K.C.S.I., K.C.I.E., D.Sc., 
F.R.S., Chairman of the Council, Sir Charles Allom, Chairman of the Architectural 
Decoration Section, Mr. J. A. Milne, C.B.E., Chairman of the Book Produc¬ 
tion Section, Mr. Eric Maclagan, C.B.E., Director of the Museum, and Mr. G. 
K. Menzies, Secretary of the Society. The Queen evinced great interest in the 
Exhibition, and carefully examined all the work exhibited. 


DOMINIONS AND COLONIES SECTION. 

Monday, July 27 TH, Sir Richard Redmayne, K.C.B., M.Sc., M.Inst.C.E., 
M.I.M.E., M.I.M.M., F.G.S., in the Chair. 

A paper on “ The Mineral Resources of Northern Ontario ” was read by 
Professor W. A. Parks, Ph.D., President, Royal Society of Canada ; Presi¬ 
dent, Geological Section, British Association, 1925. 

The paper and discussion will be published in a subsequent number of the 
Journal. _ 

INDIAN SECTION. 

A meeting of the Indian Section Committee was held on Friday, July 31st* 
Present: Sir Edward A. Gait, K.C.S.I., C.I.E. (Chairman of the Committee) 
in the Chair; Sir Thomas H. Holland, K.C.S.I., K.C.I.E., D.Sc., F.R.S. 
(Chairman of the Council) ; Sir Charles H. Armstrong; Sir Charles Stuart 
Bayley, G.C.I.E., K.C.S.I.; Sir M. M. Bhownaggree, K.C.I.E.; and Major. 
H. Blake Taylor, C.B.E., with Mr. S. Digby, C.I.E. (Secretary of the Indian 
and Dominions and Colonies Sections). 
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PROCEEDINGS OF THE SOCIETY. 


INDIAN SECTION. 

FRroAY, June i2Th, 1925, 

Sir Louis W. Dane, G.C.I..E., C.S.L, in the Chair. 

The Secretary of the Section announced that Lord Lamington, who had 
promised to preside, was, unfortunately, unable to be present owing to indisposition 
and that his place had been taken, at short notice, by Sir Louis 
Dane. 

I 

Thb Chairman, in asking Sir Percy Sykes to read his paper, said that his 
knowledge of Persia was so intimate that he had frequently been described as 
Sir “ Persia ” Sykes. It was hoped that his most talented and energetic sister, 
Miss Ella Sykes, would add something at the end of the lecture. Sir Percy had 
already rendered yeoman service to the Royal Society of Arts. In 1897 he read a 
paper there on ** Kerman and Persian Baluchistan, with special reference to the 
journeys of Alexander the Great and Marco Polo **; one in 1906, with the late 
Lord Curzon of Kedleston in the chair, on The Parsis of Persia,** and a third in 1914 
on “ Khorasan, the Eastern Province of Persia.** He had also taken part in 
discussions at meetings of the Society. The remarkable lantern slides which would 
be shown by Sir Percy that afternoon were made for the series of Lowell 
Lectures delivered by him last year at Boston, U.S.A., and had never before 
been exhibited in this country. 

The paper read was:— 

THE HEART OF ASIA AND THE ROOF OF THE WORLD, 

By Brigadier-General Sir Percy Sykes, K.C.I.E., C.B., C.M.G., 
Gold Medallist of the Royal Geographical Society. 

During the course of my travels in Central Asia I had visited Bokhara the 
Noble, and I had stood by the tomb of Tamerlane at Samarcand. But I was 
not content, and wished to go farther East and visit the mysterious cities of 
Yarkand and Khotan, in the very heart of Asia, while I was equally anxious 
to climb to those remote uplands, the Pamirs. 

In the spring of 1915 I was suddenly ordered to take up the appointment of 
Consul-General for Chinese Turkestan, and immediately began my preparations 
for yet another journey Eastward Ho! My sister, ASbss Ella Sykes, who had 
travelled widely in Persia with me, offered to accompany me on what she knew 
would be an arduous expedition, and, as my narrative shows, materially 
contributed to its success. 

’ Our outward joiuney was slow owing to the strain of the war, and it took us 
nearly a month to cross Scandinavia and the Russian Empire to Osh. There 
we engaged a caravan of ponies, and after a difficult passage of the lofty Tian 
Shan range, we reached the borders of Chinese Turkestan. 

The country is a vast plain, measuring about 1,000 miles from east to west, 
and perhaps half that distance from north to south. It is surrounded by some 
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of the loftiest mountains in the world, the Tian Shan to the north, the elevated 
land mass of the Pamirs to the west, and the Kara-Koram and Kun-Lun ta 
the south. The eastern boundary is the vast Gobi, or “ Desert,'* which is 
nearly one thousand miles wide. The waste of the Takla Makan, as distinct 
from the Gobi, occupies the heart of the country. Indeed, Chinese Turkestan 
may be best described as a desert, fringed by oases, forming a horse-shoe with 
the toe pointing west. The oases constitute about ij per cent, of the area, 
so that if the deserts, which are entirely improductive, were excluded the 
country to be dealt with would be very small. 

The oases, separated from one another and the outside world, produce 
practically all essentials, with the result that there is a general state of well¬ 
being, which tends to contentment and removes any desire for progress. The 
crops depend entirely on the water that flows down from the surrounding 
ranges, as the rainfall does not count. Just as in Egypt, a full river means 
prosperity whereas a low river means scarcity. Unfortunately, the snowfall 
in the ranges is decreasing. The population of Chinese Turkestan is about 
one million and a half, confined almost entirely to the oases, the sole exception 
being the nomads who graze their sheep on the slopes of the ranges. 

We were welcomed on the frontier by a representative of the Taoyin, or 
Governor-General, a striking personality, wearing a scarlet and yellow plastron 
with words denoting his official position of Ya-yieh, or “ Yamen Runner," 
a name which recalled to me the old English Bow Street Runners. We- 
marched in the mountains for several days, but the country gradually became 
more open, and at last we camped on the edge of a great plain, and saw the 
oasis of Kashgar in the distance. In accordance with the courteous Chinese 
custom, we were met and entertained with refreshments first of all by Sir 
George Macartney, whom I replaced, and by the British-Indian traders, then 
by the Russian Consul-General, and finally by the Chinese officials. After 
taking over charge of the Consulate-General, one of my first duties was to pay 
an official call on the Taoyin, In the East official calls demand formalities 
that are happily absent in the West. The Chinese Secretary busied himself 
in preparing my visiting card, and after much cogitation, he evolved Si-ki-su. 
He was much pleased with the result of his arduous labours, for although four 
or five syllables are considered to be pretentious, two are held to be insigni¬ 
ficant, whereas, through his skill, he had evolved the golden mean with three- 
These three syllables were printed on red paper, and the first stage o^ the 
preparations for the call was thereby completed, I felt that undue importance 
had been assigned to the matter, but happening to inquire how long the Chinese 
had used visiting cards, I was informed that it was an established usage for 
many centuries before Christ. This reminded me that I was dealing with a 
people whose civilisation was not only very ancient, but who had had no break 
with the past—for example, the descendants of Confucius, a contemporary 
of C5rrus the Great, are weU-known in China to-day. On *the appoin-^ 
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led day I drove to the Yamen, which is guarded by grotesque plaster lions, 
which are believed to keep off evil spirits, and by a few shabby Chinese soldiers. 
Weird music was played from a high latticed gallery, and crackers were let off 
to signify an artillery salute. The horses finally pulled up at the great wooden 
doors, which opened as I alighted. The etiquette was to leave the carriage and 
proceed across a stage with an altar on one side, Jafar Bai, the head servant 
who had gone round, preceded me, holding up the red visiting card and calling 
out my rank with, I imagine, a good deal of exaggeration. As I stepped into 
the inner court, the Taoyin also entered it from his audience chamber, and we 
met exactly in the middle and exchanged many compliments before sitting 
<iown and partaking of tea. 

My sister and I are both inveterate sightseers, and the bazaars delighted u§, 
especially on market days, when crowds of people poured in from every hamlet 
and farm in the oasis, making a feast of colour. The Begs, or landowners, were 
usually fine men with handsome features, full beards and dignified bearing. 
They invariably rode, regarding pedestrians with contempt. In complete 
contrast were the hairless, flat faced, ruddy Kirghiz, with their almond-shaped 
eyes and high cheek-bones, while the peasantry were Aryans, with a strong touch 
of the Mongol. Both sexes were gaily dressed. The men wore long striped 
robes of many colours, that recalled Joseph's coat. Snowy turbans denoted 
mullas or merchants, but the others in velvet hats, embroidered with fur, made 
an equally pleasing picture. The women “ resembled a flower garden," as 
a Persian poet would have said. They used the brightest colours with complete 
success, so strong was the sun—and so good was their taste. In Persia women 
are closely veiled, and nominally so they are in the Kashgar oasis, but as a 
matter of fact, outside the town they usually kept their veils up, partly owing 
to Chinese influence. Both men and women wear abnormally long sleeves, 
to serve as gloves in the cold weather, and, when travelling, long leather boots 
are donned by both sexes, so much so that we dubbed the country the " Land 
of the Long Boot." 

The bazaars displayed various sorts of wares, and there was much chaffering 
in proportion to the business effected. The dyers hung their cloth to dry in 
any convenient comer, the shoeing-smiths lashed the very quiet ponies to a 
frame before attempting to shoe them, and the bakers, whose ovens were flush 
with their shops, threw flat lumps of dough against their sides, and pulled them 
off when converted into " flap-jacks," with the aid of long iron tongs. 

One day we visited the chief school, and I was much stmek by the similarity 
of the education with that given in Persia. Indeed, wherever Islam is the 
religion, the chief, if not the only real subject of study is the Koran. Unfor¬ 
tunately, the methods of instruction are most defective, the pupils merely 
learning by heart chapter after chapter in Arabic, with the equivalent in Turki, 
the language of the country. 

We rode almost every day, and, in time, visited eversrthing of interest in the 
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oasis. We frequently forded the Tuman Sn, where the grooms watered the 
horses morning and evening, close to where the water carriers scooped up the 
drinking water into barrels, by means of gourds specially grown for the purpose. 

The chief centre of veneration is the shrine of Hazrat Apak, the Priest-King 
of the country in the seventeenth century, whose influence extended to India, 
where he had thousands of followers. The road leading to the shrine was the 
Via Appia of Kashgar, and, as we rode along, we passed hundreds of women 
weeping at the graves of their parents. In reality, they were performing a sort 
of ancestor worship, which they have adopted from the Chinese. 

We were courteously received by the custodian at the tiled gateway and 
walked up an avenue bordered by poplar trees. The shrine was covered with 
blue and white tile-^ bearing verses from the Koran, and was ‘^unnounted by a 
shapely dome. We were invited to enter the tomb-chamber, which was crowded 
with tombs, that of " His Holiness " being conspicuous owing to its red and 
white coverlet. There were a number of banners and flags, which gave a 
Chinese touch, while outside were heaped up some fine heads of the great rams 
of the Pamirs that had been offered by Kirghiz pilgrims. 

On a bluff opposite the Consulate was a humbler shrine, which was frequented 
by women only, and especially by girls, who put up prayers for rich husbands, 
without fathers or mothers. To ensure the aid of the Bibi they inserted their 
hands into a hole in the shrine, drew out a morsel of earth and swallowed it. 
When the Saint listens to the prayer and a suitor appears, there is no formal 
betrothal, although, in the case of the wealthy, the bride is richly dowered. 
The marriage ceremony is generally celebrated at the end of a feast. An agent 
of the bride's family going to the women's quarter and, standing behind a. 
curtain, asks the bride whether she accepts the bridegroom on the terms of 
the marriage contract. This constitutes the legal ceremony, but, in the eyes of 
the people, the eating of bread soaked in salt water before witnesses is what 
really counts. Finally, the bride is carried with great rejoicings to her new 
home, where flour and cotton are set before her to symbolise a happy journey 
through life, the ceremony being termed " White Road." 

We were naturally anxious to visit any Buddhist ruins that we could hear 
of, but Moslem fanaticism was strong and almost everything had been dcstro3^d. 
However, at Kashgar there are still left the shapeless mounds of two stupas. 
The villagers called them Tim, but could give us no information about them» 
They may be assigned approximately to the eighth century of our era. 

In the autumn we set off on a tour which included Yarkand and Khotan, 
cities we were most anxious to visit. We engaged waggons to transport our 
baggage, while we rode two fine Badakshani horses, in which connexion Maroa 
Polo, whose journeys I traced in more than one section, especially praised 
that breed. 

During this journey I enjoyed the very interesting experience of hunting with 
golden eagles. In Persia, where I had enjoyed a good deal of hawking, I had 
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beard that these great birds were flown at hares, pheasants and even at gazelles 
in Central Asia, but I could hardly believe that the accounts I had heard were 
correct. However, one day, I rode out with six or seven ** eaglers," if I may 
coin a word, all mounted on small ponies with superb eagles on their wrists. 
We formed a line, riding through low scrub. Suddenly a hare sprang up, and 
immediately an eagle was loosed, and, in spite of the hare twisting in and out 
among the bushes, it was struck before it had gone sixty yards, so swift is the 
king of birds. Pheasants had even less chance, and we only regretted that we 
did not sight any gazelles, as they would have given us a run. I asked how 
these birds were captured and trained and was informed that a man hid him¬ 
self among the rocks near an eyrie, holding a live fox on a rope. The eagle 
swooped down on its quarry, which was slowly drawn towards the concealed 
hunter. The bird, intent on tearing the fox, was drawn with it and was caught 
with a net. It is then shut up in a dark room, its e5^1ids are sewn up, and 
its spirit is broken by incessant beating of drums, which prevents any rest. 
It remains morose for a while, but gradually takes food from its captor, to 
whom it becomes attached. Indeed, I was much struck by the fact that unlike 
hawks, eagles are rarely hooded, and seem to be perfectly contented with their 
lot. 

The Yarkand oasis is the richest and largest in Chinese Turkestan. 
Everywhere loads of melons were being stored for winter use, while 
a fourth crop of the prolific alfalfa was being cut. Kashgar owed 
its commercial importance to its trade with Russia, whereas Yarkand 
trades with the Indian Empire across the Kara Koram Pass. In 
no part of the world is trade carried on under greater difficulties, for the track 
is only open for six months in the year, and crosses range after range of the 
highest mountains in Asia, culminating in the Kara Koram Pass at an altitude 
of 18,550 feet. This range is aptly termed the Ridge-pole of the World." 
Add to these physical difficulties, storms, avalanches and flooded rivers, and 
an absence of villages for six stages, and we can admire the sturdy traders 
who export the hemp and silk of Yarkand and Khotan and bring 
back muslins, spices and brocades. All honour to them. Yarkand 
is a dirty tumbledown town* and its inhabitants are afflicted with 
goitre to a distressing extent. The malady is long standing, for Marco Polo 
commented on it. I can only hope that there is truth in the reports that a 
cure has been discovered for the disease. 

On leaving the city we rode through a very rich belt of cultivation to the 
banks of the Zerafshan or Yarkand River, on which the prosperity of the oasis 
depends. It has a very wide bed, which is filled in the early summer when 
the snows melt in the mountains, but at the time of our journey, the river 
was perhaps 200 3^ds wide. We found ferry boats awaiting us, in which 
our ponies were packed without difficulty, llie waggons, too, were loaded 
up and we were soon poled across. 
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Before we reached Khotan, we had to cross more than one bay of the Takla 
Makan desert. The whole party was excited by these night marches, and a 
Hindu trader told them of how he and his servants had seen troops with banners 
marching silently, and then flocks and herds, which suddenly appeared and 
as suddenly disappeared. Even our horses were influenced by the unreal 
aspect of the things they passed and shied at bushes as if they were beasts of 
prey. For myself, there is always a certain sense of boundless space and 
freedom in the desert. There is also the feeling expressed with such charm by 
Flecker: 

Sweet to ride forth at evening from the wells. 

When shadows pass gigantic on the sand, 

And softly through the silence beat the bells 
Along the Golden Road to Samarkand. 

On one occasion, when marching by day, we were caught in a storm. Im¬ 
mediately the dust enveloped us and a dense yellow haze obliterated the bright 
sunlight. We decided to gallop on to the stage, as our waggons had fortunately 
been sent ahead. Mile after mile passed, the horses taking care not to lose 
the track, when suddenly we galloped out of the haze mto the bright sunlight 
and cultivated fields of an oasis, and enjoyed the pleasure of looking back on 
the storm raging in the distance. 

In this section of our journey we were treading in the footsteps of Marco 
Polo, and, when reading his description, I had been surprised that he made no 
mention of the mighty Kun-Lun range to the south. The explanation is that 
the Venetian traveller never saw the snow-covered mountains owing to the 
dust haze, as was also our disappointing experience. 

The last stage before Khotan lay across a desert and while riding among 
sand dunes we reached two wooden posts and were informed that they marked 
the boundary of the celebrated Pigeon Shrine, where all good Moslems must 
dismount. We followed the example of our men, and soon reached a grave¬ 
yard, scarcely distinguished by poles, on which hung fluttering banners. Close 
by we saw a tiny mosque and low sheds, on which thousands of pigeons were 
sitting. We had brought a sack of grain which was soon opened and devoured 
by the birds. 

Legend has it that Imam Shakir, when attacking the Buddhists of Khotan, 
was killed in battle or, as the Moslem chronicler put it, achieved martyrdom. 
Two doves are said to have flown from the heart of the mart}^: and were the 
ancestors of the pigeons of to-day. Legends have a habit of repeating them¬ 
selves, and we learn from the Chinese traveller, Hieuen Tsiang that, in his day, 
there was a shrine sacred to golden-haired rats on this site. The story ran that 
an invading barbarian host was encamped on this spot and that the ruler of 
Khotan was in despair. During the night a huge rat appeared to him in a 
vision, bidding him be of good cheer, and, on the morrow, the Khotan army 
gained a complete victory, because the rats had gnawed the bowstrings, the 
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harness and the fastenings of the armour of their enemies. From that day the 
rodents were held in high honour and a temple was erected, where travellers- 
made offerings, any neglect of this duty entailing swift misfortune. It is 
interesting to note that in the pages of Herodotus there is an account of a 
victory gained by the help of rodents. 

Khotan is a corruption of Yu-tien or the Kingdom of Jade, a stone that is 
valued above all others in China, being described as " the quintessence of 
Heaven and Earth.** Until the recent revolution it was worn by the Emperor 
and grandees, and was also buried in their tombs. At present there is less- 
demand by the Chinese, but Europeans and Americans are now eager purchasers 
6f this beautiful stone. The jade mines^in the mountains are worked, but the 
output has little value owing to its softness. The jade that is appreciated is- 
dug up in the river beds of the two rivers that flow through the oasis. We 
visited the diggings, which merely consisted of holes excavated to a depth of 
twelve feet in a disused river-bed. Small boulders are found, those we saw 
being dull green. Had they been white, flecked with green, they would have 
been worth £200 each, instead of £5, To our great disappointment there were 
no craftsmen at Khotan, who could carve the jade into beautiful works of art 
and we had to be content with some bowls of green, or of green flecked with 
black. 

Silkworms were brought to Khotan in very early days, and silk was exported 
across Persia to the Roman Empire, where it was sold for its weight in gold. 
The death penalty was inflicted on any one who attempted to smuggle the eggs 
out of the country, the Chinese naturally desiring to keep the silk industry as a 
profitable monopoly. The Emperor Justiniah made great efforts to secure 
some of the precious eggs, and one of. the romances of industry is the tiny 
consignment that was brought in a bamboo cane from Khotan to Constanti¬ 
nople by two Persian monks, who, thereby founded one of the staple industries 
of the West. 

I propose now to make a few remarks on the people and their customs. As 
may be supposed, the peasants are very superstitious, and rely on the magician* 
In cases of possession by the devil, the magician is summoned and chants; 
" Another head has come to the head, another body has come to the body. 
Your master has come, a jade lamp and blood sherbet are here. You will 
soon be like ashes, for I have an iron knife to cut you with, and coal bullets to 
shoot you with.'' The devil is believed to quit the patient without fail on 
receiving this peremptory summons. 

Outside Kashgar there is a shrine famous for the cure of skin diseases. The 
patient merely takes some mud, throws it against the walls of the shrine and 
then walks away without looking back. 

During the time I spent in Chinese Turkestan I was always on the look out 
for any customs that had survived the disappearance of the large Christian 
colonies noted by Marco Polo and later travellers. One such is that dealers^ 
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when they fail to sell a horse, make the sign of the cross on its forehead to avert 
the evil eye. 

To sum up, the people are happy and contented, and when I heard them 
returning home at night, singing lustily their tuneful songs, I thought of 
Goldsmith's lines: 

How happy he who crowns in shades like these 
A youth of latx)ur with an age of case; 

Who quits the world where strong temptations try. 

And, since *tis hard to combat, learns to fly." 

PART 11. 

Of all the mysteiious countries of Central Asia, the most remote and the most 
difficult of access is that known as the Pamirs, signif3dng the high-lying mountain 
valleys situated around the sources of the Oxus, the great river of Central 
Asia. The word was first mentioned by Marco Polo, but it was really intro¬ 
duced into the English language by Matthew Arnold, who wrote : 

" Oxus, forgetting the bright speed he had 
In his high mountain cradle in Pamir." 

The whole country lies at an extraordinary height, the traveller seldom 
descending below 12,000 feet, from which fact the Persian name for the region 
Bam-i-Dunia, or " Roof of the World," is remarkably apt. 

We left Kashgar early in June. The Pamirs are imder snow until the end ot 
May, whereas the rivers come down in flood in Jime. Our route lay south 
across the fertile oasis, which looked particularly attractive with its abundant 
harvest of wheat and barley almost ripe for the sickle, while fallow-land was 
being prepared for the autumn crops of millet and Indian com. 

Two marches brought us to Tashmalik, where we camped under the last 
trees we were likely to see for many a long day, and the following morning, we 
entered the low hills and began a trying march up the Gez River. The heat 
was intense, and was augmented by the glare from the boulders of the river-bed, 
but we consoled ourselves, if not our ponies, with the reflection that within a 
week we should perhaps be shivering with cold, while, at any rate, we were 
treading in the footsteps of Marco Polo. Fording the river was always exciting, 
especially as, day by day, its volume increased. The last time we forded the 
river my sister was conducted by a Kirghiz chief, who took special precautions 
for her safety. The water is so cold and the current so swift that, as in Tibet, 
a man who falls and is swept away has little chance of escape. The Kirghiz, 
who ford these rivers on foot, do so by jumping on both feet down stream. 

After marching three or four stages up the Gez Valley, we reached a point 
‘Where the river rushed through narrow, gloomy gorges and were obliged to 
take to the mountains. The tracks ran along the edges of precipices, where a 
single slip would have meant falling hundreds of feet into the swift river. Even 
jnore dangerous was a section that was carried on a wooden gallery built out 
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from the cliff. It was in a rotten condition and we were all intensely thankful 
when the party passed safely over. 

It seems probable that the system of the cantilever bridge was invented in 
the Heart of Asia, for the bridges, weak though they might be, were all construc¬ 
ted on this principle. We generally found them in such a bad state of repair 
that we had to stuff nosebags into the holes before leading our horses across, 
them. 

Within a week we reached the country of the Kirghiz, and at Bulunkul 
we were welcomed by a leading chief, Osman Beg, who had furnished us with 
the information on which we had depended for the journey. Some akoi were 
placed at our disposal. Their framework is a wooden trellis, set in the ground 
in a circle eighteen feet in diameter. On this foundation wooden laths ye 
fastened, their upper ends being fitted into a thick wooden hoop. Felts are 
now bound on to the framework, leaving the centre of the dome open, to allow 
the smoke from the open hearths to escape. This completes the description 
of Matthew Arnold : " a dome of laths and o'er it felts were spread." Although 
we certainly retain keen recollections of the blinding smoke of these akoi, 
they were frequently veritable havens of refuge to us, and we shall always 
look back to them with feelings of gratitude. 

My sister was welcomed to the camp by the four wives of Osman Beg, who* 
brought a gift of a kind of puff pastry, made with cream. They looked most 
picturesque in their flowered chintz coats padded with cotton, and their long 
leather boots. Their headgear, composed of rolls of muslin wound on a wooden 
frame, were striking. They wore necklaces of red coral and silver, with long, 
pendants, and some of them had silver buttons and clasps on their coats of 
fine Bokhara work. 

They were extremely friendly and much enjoyed tea with sugar (instead of 
salt), biscuits and sweetmeats, large quantities of which had been laid in for 
the purpose. As they made no objection to men being present, my sister was 
able to talk freely with them through the servants. Indeed some of them knew 
a little Persian. The general impression was that their lives were very hard, 
owing to the nine months of cold weather. They also work from morning to- 
night, what with milking the herds, rearing the children, weaving homespun 
cloth, shifting camp and cooking. They were a plain weather-beaten lot, but 
some of the children were charming. 

Women are highly prized, as there are not enough to go round. The rich, 
men marry four wives, and so the poorer members of the community are placed 
in a difficult position. Wives are purchased, but the hundred sheep that 
constitute the minimum price are counterbalanced by the dowry of the bride, 
in the form of jewelry, household stuff and live-stock. The wedding customs are 
primitive. When the suitor has been accepted and has handed over his sheep,, 
the father-in-law gives a feast, at which neither the bridegroom nor the bride 
nppear. Late at night the jinai, or matchmakers, who play an important. 
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part in these ceremonies conduct the bride, who makes a show of resistance, 
to a separate akoi that has been specially decorated for the occasion. The 
bridegroom then stealthily approaches the nuptial akoi, where he is greeted by 
the jinai with " barking ** and, at first, hindered from entering to greet his 
bride. The bridegroom leaves before dawn, as he is taboo for that day to his 
father and mother-in-law. The final ceremony is accomplished when he carries 
off his bride to his own camp. The mother and her relations mourn over her 
departure, she offers some resistance, and is carried off with a considerable show 
of force. 

Under the guidance of Osman Beg, we marched west to the foot of the Katta 
Dawan or Great Pass," beyond which lay the " Roof of the World." Owing 
to the deep snow that we were likely to experience on the pass, we arranged to 
use yaks. These " grunting oxen,** as they are termed, from their habit of 
grunting like pigs, are remarkably sure-footed, and can go up and down places 
that are too steep for mules or ponies. They can also support the most severe 
cold, and are accustomed to dig down to their grazing through the snow. They 
are docile with the Kirghiz, but are savage with Europeans, as I found 
out when I was chased by one many years ago in Tibet. 

We loaded up very early, and the sky was clear when we started, although a 
good deal of snow had fallen in the night. The ascent was very steep and our 
mounts were soon plunging through the deep snow. We could not see the 
narrow track, but a Kirghiz on foot guided us, being aided by the fact that if 
he left the beaten path, he sank immediately up to his waist in the snow. At 
times the track lay along the edge of precipices. As we ascended many members 
of the party began to suffer from mountain sickness. One Kirghiz threw him¬ 
self down and sobbed as if his heart would break. He then set up a dismal 
howl and staggered off downhill, in spite of the jeers of his relatives and friends. 
Clouds had been gathering ominously and we reached the summit of the pass 
at an altitude of 16,000 feet in a storm that completely blotted out the landscape. 
The guide became very anxious, as we had to cross a plateau and no landmarks 
were visible. We moved forward very cautiously, when suddenly a gust of 
wind swept away the snow for a minute and revealed to us a most wonderful 
sight. We were passing among a group of mighty snow giants, with a glacier 
of green ice glistening in the sun. Looking forward our view ranged far over 
low hills flecked with snow, A^4iile apparently at our feet the dark blue waters 
of the Great Karakul Lake completed a picture that time will never efface from 
our minds. The snow changed into sleet as we began the descent of the pass, 
but there was now no fear of losing the way, and I was able to congratulate my 
sister on being the first European lady to cross this formidable pass which had 
brought us to the " Roof of the World," the land of our dreams. 

The descent was difficult, but in our joyous mood we made light of the 
floundering and tumbling in the deep snow. The weather, too, improved as 
we descended, and when we reached a running Stream, which watered a charming 
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Alpine garden, we decided to halt, and much enjoyed the hot tea froni our ther« 
mos flasks, for we had been many hours crossing the Katta Dawan and were 
thirsty and tired. 

We descended the valley in radiantly bright weather, and enjoyed the sun 
arid the wonderful views across the lake to the great Trans-Alai Range, which 
stood up grandly with its dazzling white mantle of freshly fallen snow. When, 
at sunset, we reached the gravelly waste' surrounding the lake, we were shown 
a group of akois in the distance, but suddenly a violent sandstorm blotted out 
the landscape, and it was a very dirty and tired party, with badly-swollen faces, 
that finally stumbled into an akoi. Some hours elapsed before the caravan 
arrived, but at last the slow-moving 3^ks appeared, and, before midnight, 
everyone had settled down after a very long but intensely interesting march. 

From the borders of the lake we travelled ninety miles to the Russian centre 
of Pamirski Post. Although it was midsummer we started off in a foot of 
snow. After a while the sun shone fiercely, wraps were discarded, and when 
we halted at midday, the snow had disappeared and the heat was intense, so 
that we longed in vain for the shelter of a tree or even of a rock. Suddenly 
there was a peal of thunder in the mountains, and a short, sharp shower fell 
from the cloudless sky. Then an icy blast blew until we agreed that the 
sunshine in the Pamirs was sometimes iced."' At night it was invariably 
veiy cold, and we enjoyed wearing long boots and woollen caps, while plenty 
of bedding was essential. The altitude, which was higher than that of the 
average peaks of the Alps, made us feel disinclined to take unnecessary exertion. 
Running, for example, would have been almost impossible. My sister always 
felt that an invisible hand was clutching her throat, and a general lack of fitness 
and loss of appetite were experienced by us both, which passed away entirely 
when we descended from the Pamirs to nine thousand feet. 

It is curious that, in one of the coldest coimtries in the world, there are no 
houses. The fact is that the people live on the products of their flocks, and 
are, therefore, obliged to change their poor grazing grounds constantly. More¬ 
over there is no agriculture whatever, and a piece of bread is a rare luxury. 
In spite of the absence of ** the staff of life," and of vegetables, everyone 
appeared to be well fed and healthy. It is probable that the strong alone 
survive. 

We took a photograph of the only building we saw. It was a roughly- 
constructed shrine, in which was buried a mighty hunter. My tracker. Nadir, 
prayed at it that we should make a good bag and concluded by solemnly 
opening a cartridge and spilling the cordite over the tomb. 

We hardly met a traveller on the track nmning from the lake to Pamirski 
Post which was passable for carriages, and almost the only things of interest 
that we noted were sea shells in the mountains, thus proving that the “ Roof 
of the World " was at one period under the sea 

Outside . Pamirski Post we were first met by two Mingbashis or "Com- 
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manders of a Thousand,*' gorgeous in purple robes, handsome Bokhara belts 
with rich silver mountings and snowy turbans. Like other leading officials 
they spoke a little Persian, and were delighted to air their knowledge of the 
" French of the East." 

We were warmly welcomed by the Russian Commandant, and much enjoyed 
rest for a day or two. We were disappointed at the miserable barracks that 
had been erected for the men, whose lives in the winter must be very trying. 
Fortunately they love dancing the quaint Cossack dances, which take the place 
of the games which keep the British soldier fit. The stables, too, were dark 
and badly ventilated. There was a squalid bazaar, where a few traders lived 
during the summer, but, generally speaking, Pamirski Post was a most depress¬ 
ing spot. 

One object of the journey was to hunt the ovis poll, which had been my 
cherished ambition for many years. The first mention of this splendid ram 
was Marco Polo's account of " wild sheep of great size, whose horns are good 
six palms in length." A palm is reckoned to be ten inches, so Marco describes 
horns five feet in length, nor did he exaggerate, for the record head is longer 
than that. These superb beasts stand twelve hands and weigh about 22 stone. 

It was midsummer and about the worst time for hunting, as, owing to the 
heat and the insect pests, the game hid during the day in the highest and most 
inaccessible parts of the range. At night, however, they descended into the 
valleys, and there was a chance of intercepting them when returning to the 
mountains. We camped in a shallow valley, and starting off two or three 
hours before dawn in bitter cold on yaks reached the snowline before daylight. 
We carefully hid the yaks, and then watched the valley, sweeping it incessantly 
with our glasses. On one happy day we spied a small herd with a fine ram 
slowly grazing its way uphill. The stalk was difficult among the boulders, 
which gave but little cover, but a lucky shot secured me the blue riband of the 
chase. On another occasion I wounded a ram and was able to run it down 
with dogs. 

Kipling gives the spirit of the sport in the lines; 

" It is there that I am going, where the boulders and the snow lie. 

With a trusty, nimble tracker that I know, 

I have sworn an oath, to keep it on the horns of ovis poli, 

And the Red Gods call me out and I must go." 

We left the Pamirs by an easy pass, the ascent being short, whereas the 
descent was interminable. However, as we descended, so the feeling of lassitude 
passed off, until at Tagharma we experienced the mere joy of living to the full. 
It was delightful to stroll about among sheets of mauve primulas, white and 
pale blue anemones and pretty little blue daisies, and to see the green meadows 
stretching for miles in every direction. 

The Kirghiz chiefs arranged an exhibition of the game of baigu, or " hunt the 
goat," for our amus^ent. The " ball" is prepared by kUling a goat, and after 
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its head had been cut off, its bones broken and its entrails removed, it was 
carefully sewn up. The Kirghiz, mounted on their wiry ponies, formed a fptilee 
and tried to pick up the goat which was thrown among them. After much 
shoving, one man succeeded and, tucking it under his thigh, rode off as fast 
as he could urge his mount, pursued by the others. If he rounded a flag and 
reached the starting point with the goat, he was awarded a silk handkerchief. 
Sometimes there were fierce struggles, the players becoming wildly excited. 
The ponies, which were grass-fed, gradually became exhausted, and so we 
thanked the competitors for the exhibition of the national sport and brought 
it to a close. 

' The Sarikol Valley possesses the extraordinary interest that its inhabitants 
are pure Aryans, the last link in the long chain that now stretches across the 
world from California, through Europe and Persia to Afghanistan, and throu^ 
Badakshan, to the Sarikol Valley. The people, with their aquiline noses and 
clear-cut features, have little resemblance to the mixed population of Chinese 
Turkestan, and none whatever to the flat-faced Kirghiz. Rather they might 
be taken for inhabitants of South Europe. 

Although not British subjects, they are followers of H.H. the Aga Khan, 
and travel across the most stupendous mountain barrier in the world to Bombay, 
to pay their respects to their religious head and to offer him tithes. They speak 
Persian, and as they were aware that I was a friend of His Highness their welcome 
was extremely cordial. 

After the desolate Pamirs it was delightful to see crops of wheat, barley 
peas, alfalfa and mustard once again, and even the rough homesteads gave one 
the impression of civilisation. At the same time these crops mature with great 
difficulty and are distinctly scanty. 

The Sarikolis cherish the legends of Iran and have given their mountains the 
old familiar names. They were never tired of talking about the history of 
Persia and said that their chiefs had emigrated to the valley from Badakshan 
five or six generations ago. There were two leading families, which had long 
been on bad terms with one another, mainly owing to rivalry as to which had 
the privilege and the profit of collecting the tithes. I heard a great deal about 
this feud, and pointed out that for a small colony of Aryans to quarrel among 
themselves only helped their enemies. This point of view finally appealed to 
their leaders and, before I left, a reconciliation took place, clinched by a feast 
and intermarriage. In their courteous way, they said that they offered me 
their reconciliation as a gift. 

The Sarikol Valley is situated about halfway between Gilgit and Kashgar, 
between which centres the Government of India maintains a postal service, 
carried by runners. Among the interesting visitors I received was the post¬ 
master, a brother of the Thum, or Chief, of Hunza, who rules over the 
Ktinjuti tribe and claims descent from Alexander the Great. Nor is the claim 
^tastic, for his family has intermarried with the chiefs of Badakshan, 
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the classical Bactria, and the seat of a Greek dynasty which ruled the 
•country for some two centuries after its conquest by Alexander the Great. 

The Sarikolis are devoted to singing and dancing, and we much enjoyed 
the performances of a troupe of youths led by a band consisting of a drum and 
pipes.. They sang many songs, interspersed with dances, and we only regretted 
that lack of time prevented us from stud5dng and collecting their songs. The 
"star" performer was a boy, who executed most graceful steps, waving his long 
sleeves in the most effective manner as, indeed, they all did. We were informed 
that, nowadays, the old people alone remembered the songs relating to raids 
and fighting, and that the present generation only cared to listen to themes of 
love and feasting—so soon do altered conditions react on the rising generation. 

Their favourite chorus ran : 

" Alas ! my unfaithful love. 

Alas ! my inconstant heaven. 

I grow thin as a blade of grass 
In my craving for thee." 

I shall never visit the Pamirs again, but I sometimes dream that I am on the 
" Roof of the World," and see my patron saint, Marco Polo, marching across 
its lonely wastes and wondering at the size of the mighty rams that were destined 
to be called after him. Or again, I am in the Sarikol Valley and, sitting in an 
akoi, I hear one group singing " Thy cheeks are like tulips," to be answered by 
the second group with " Thy eyes are dark as spring-water," These are the 
memories that remain. 


DISCUSSION, 

Miss Ella Sykes said that whenever she had had the good fortune to be in the 
East she had always been interested in the position of the women, and it seemed 
to her that in Chinese Turkestan they had a much better time than their Persian 
sisters. It was very pleasant to see the women riding into market near Kashgar, 
managing their horses perfectly and driving their sheep and goats. Of course 
they had their little square face veils, but these they seldom put down except 
in the towns or on the occasions when they saw her brother! But there was 
another side to this picture, as she found out later on. Men migrated in great 
numbers into Russian Turkestan, where the pay for labour was much higher than 
in Chinese Turkestan, and this caused a great surplus of women in Kashgar, with 
the result that the degrading custom of temporary marriages with the traders 
was in full force. The mullah actually performed the marriage ceremony and gave 
the bill of divorcement at the same time. Divorce was very cheap, equal to about 
fourpence in English money. In the Russian Pamirs the conditions were very 
•different; there the women were so much in the minority that wives were expensive. 
The stalwart Kirghiz came constantly into Kashgar to sell their cattle, but never 
took back brides, evidently realising how useless the pretty Kashgar girls would be 
•as wives on the ** Roof of the World." The Kirghiz women impressed her most 
favourably. There a man with many daughters was looked upon as a fortunate 
fellow. Every now and then an eligible suitor appeared, though not rich in worldly 
•goods, and served his would-be father-in-law for a term of years, just aa Jacob served 
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for Rachel centuries ago. He married the girl of his choice, and at the end of his 
term of service the fa^er fixed up the young couple with a home and live-stocks 
Throughout her time in the Pamirs it struck her that the women did all the work 
and the men had all the play. The men were constantly playing the goat game," 
and also riding off to marriage or funeral feasts, where there were horse races and 
prizes. The women had to look after the fiocks and herds, to make the cream and 
the cheese, to see to the children, to make the clothes, and to do the cooking at 
the feasts. The women had also to make the felts for covering the bcc-hive 
dwellings, and the carpets to cover the floors, and on one occasion she saw a woman 
putting up the willow laths which formed her home. In fact the Kirghiz women 
reminded her of the lady mentioned in the Proverbs whose price was above rubies. 


Mr. Clarmont Percival Shrink, I.C.S. (Political Officer) said that he was 
extremely grateful to the Council of the Society for giving him the opportunity 
of saying a word about this exceedingly interesting paper. He had never s^n 
an3rthing so fine as the lantern pictures and having himself recently come from 
that part of the world, he could testify that the tints were by no means exaggerated. 
The pictures gave an extraordinarily good idea of the country, especially of Kashgar 
and the plains. The Pamirs were more difficult, because they had less colour. 
He had had the honour of being acquainted with the distinguished lecturer since 
1918, when he (the speaker) was Consul at Kerman, and Sir Per< y, who was then 
Inspector-General of the South Persia Rifles, came over to that place from Shiraz 
for two or three weeks ; and he well remembered in those days Sir Percy speaking 
very highly—^in glowing terms, in fact—of Kasghar and Central Asia, where he 
had not long before been acting as Consul-General for about a year. Later an 
opportunity came to the speaker to go there himself when he was offered an appoint¬ 
ment of Consul-General, and he jumped at the chance. His wife and he went there 
in 1922. Before very long he was able to discover that Sir Percy’s taste in billets 
was very good, and he and his wife were extremely happy during the two and a half 
years they were in that fascinating country. There were any number of points 
in the lecture which brought back memories to him, but it would take too long 
go dwell on them. There were one or two things he would like to tell the lecturer 
about in particular, including the present well-being of some members of the 
entourage of whom he had spoken. Jeifar Bai, of the Consulate staff, whose picture 
Sir Percy had shown, was now living in retirement on large estates ; he was quite 
a rich man. Another, the stalker, Nadir Beg, was a tower of strength to the British 
cause. Tall and extremely handsome he had a delightful turn of humour, as 
Sir Percy had mentioned. A friend who was travelling with him (the speaker) 
had come from Ceylon, where it rained a great deal, and thinking it was going 
to rain in the Pamirs he put an oiled silk cover over his helmet. One day Nadir 
Beg told the speaker with much glee that his little son had asked him why the 
sahib always wore a lamb's " tummy " on his head ! The lecturer had mentioned 
the " Commanders of a Thousand " in the Russian Pamirs. The speaker was 
interested while crossing the Chinese Pamirs to be called on by a certain man 
who was an exile from Bolshevik Russia and was squatting with his family and 
his flocks and herds in the Chinese Pamirs. He had asked him (the speaker) if 
he knew the great sahib who came with the lady about ten years ago—^this, of 
course, was Sir Percy Sykes with Miss Ella Sykes. He had very pleasant recollec¬ 
tions of his acquaintanceship with them. The lecturer had showed a picture 
of Knughan Tim, the ancient Buddhist ruins which were visible from the Consulate- 
General. These were being rapidly destroyed by cultivators near by, who were 
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using them as a sort of quarry for clay. He had arrested the course of destruction 
by complaining to the local governor and asking him to order the local cultivators 
not further to destroy these mounds. Sir Percy Sykes had mentioned the Chinese 
name which appeared on his visiting card, and which, it was required, should 
have three syllables. The speaker was succeeded by Colonel Robert Lyall, for 
whom also it was necessary to find a Chinese name so that the large red visiting- 
cards might be ready for his arrival. The speaker and his Chinese Secretary 
put their heads together and eventually settled on a three-syllabled name which 
they thought had a good meaning; but when he showed the governor and his 
secretary what was proposed, he was told that it would not do at all; the newly 
chosen name, pronounced a certain way, signified: " A strong man who refuses 
to pay his debts.*' After another day or so of cogitation a revised form was thought 
of, which meant—they told him—A pure dwelling upon a high mountain in 
Szechwan," a strange name for an official, but a very lucky one. 

Dr. Arthur Haydon said that he had gathered from the lecturer that one of 
his excursions was seriously interfered with by mountain sickness. This, however, 
was quite easy to treat. The curious feeling of constriction at high altitudes also 
could be remedied. The remedy was to carry oxygen. He wondered whether 
Sir Percy had used that expedient. 

Sir Percy Sykes said that it must not be assumed that any of the party died 
through mountain sickness. All that happened was, that when he turned back, 
they lost this young man’s society, and his mother gained it. One remark of the 
last speaker rather reminded him of the reply given by a traveller who was asked 
why he did not have this, that, and the other on his travels in Central Asia. He 
replied, "You know. Central Asia is a place where the waiters do not wear white 
ties " ' While travelling, in war-time especially, one had to go extremely light. It 
was not possible to carry cylinders of oxygen. 

Colonel Sir Charles E. Yatk, 13 t., C.S.I., C.M.G., remarked that Sir Percy 
Sykes had referred to the sport of deer hawking. But his (the speaker's) experience 
of it was, and he had tried it pretty often, that the hawks, which always had dogs 
with them in hunting deer, would never go near the buck, because they were 
afraid of being impaled on the horns. They went for the smallest doe they could 
find in the herd, so that the sport did not amount to much. He wished to con¬ 
gratulate the lecturer on his beautiful pictures. The colours were perfect, and 
sdtogether the photographs were the most marvellous things of the sort that he had 
seen. 

The Chairman said that he was never in Kashgar, but as a young man when 
Assistant Commissioner in Kulu and in charge of the trade route as far as the 
Bara Lacha Pass, and again as resident in Kashmir, he saw a great deal of the 
Central Asia trade, and it had been the greatest pleasure to him to see these 
beautiful pictures and to hear the most excellent account of the country by Sir 
Percy Sykes and Miss Sykes. He was afraid Miss Sykes had not spared men. 
He had said at the beginning how fortunate men were to have wives and sisters who 
did all the work and left the men all the play, and Miss Sykes had drawn attention 
to the fact that this was also the case in the East. When he was in Spiti, south 
of Khotan, he found much the same sort of thing as in the Pamirs. There the 
average elevation of habitation was some 12,000ft. and the cultivation depended on 
very scanty supplies of water. Most of them would have heard of a thing called 
polyandry. Some people had advocated it in this country. It was,the principle 
that a lady might have more husbands than one. But in the part of Thibet 
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alluded to there was polyandry and polygamy flourishing in the same country, which 
was rather curious. If a man had a fairly big holding and there was only one 
brother he had as many wives as were necessary adequately to cultivate the holding. 
If, on the other hand, there were five or six brothers and a small holding, some 
of the brothers became lamas, at any rate for a time, and the others all married 
one wife between them and took their turns of travel and home life. All the 
children, however, were children of the eldest brother. He had asked whether 
quarrels ever arose owing to the lady taking a fancy to one particular brother, 
and the reply was that if this ever took place this brother became obnoxious to 
his brethren and was sent away for a long period of travel. The lecturer had 
spoken of the manner in which the silkworm seed was brought to the west. In 
1897 it appeared that the silkworms in Kashmir and in Northern India had died 
out owing to pebrine, and the whole industry was doomed. Then it was decided 
to bring disease free silkworm seed from the West to the East. It was now imported 
at the rate of £6,000 worth of seed a year, and the Kashmir industry, as a reSult, 
was now flourishing, with some 20,000 rearers, who received for their cocoons 
more than twice the total revenue of the valley, 8,000 persons in the filatures, which 
more than made good the loss of the old shawl trade. The profit to the State 
WM usually about £so,ooo, and he thought, during the war, the Darbar made 
100,000 a year profit from this valuable State industry. The lecturer, on the 
picture of a Nagar chief, had referred to the very handsome Caucasian types to be 
found in those parts. That held good of the upper Aryan classes amongst the 
hillmen generally. Sir Percy thought they were representatives of Alexander's 
Greeks. It was possible, though a pure Iranian descent was perhaps enough to 
explain the recurrence of such types. He did not mention the case of the Kafirs 
just south of the Hindu Kush, who actually claimed to be the descendants of the 
Greeks. Some of these were fair and good-looking, and their principal god appeared 
to be an admixture of Dionysus and Ares. It was curious that Alexander had heard 
rumours of Greeks or wwshippers of Dionysus in those parts, who grew vines 
and drank much wine as the Kafirs do. These interesting people in their remote 
glens, now mostly converted to Islam, might have been the descendants of an earlier 
Greek incursion of which the memory was kept alive by the myth of Dionysus' visit 
to India. The lecture had been one of the most interesting he had ever listened to, 
and he proposed a very cordial vote of thanks to Sir Percy Sykes. 

Sir Edward A. Gait, K.C.S.I., C.I.E., in seconding the motion, said that it was 
always a great pleasure to get first-hand information regarding countries of which 
one had no personal knowledge and that pleasure was increased when the countries 
were of such romantic interest’ and when the lecturer was so well equipped for 
his task. He would like to include in the resolution thanks to Sir Louis Dane for very 
kindly coming, at short notice, to take the Chair. 

The motion was carried unanimously. 


NOTES ON BOOKS. 


Historic Instruments for the Advancement of Science. By R. T. Gunther. 
Humphrey Milford: Oxford University Press. 2s. 6d. net. 

This handbook to the Oxford collections was prepared for the opening of the 
Lewis Evans collection in May last, and is in some respects a brief abstract of 
Ibe author's three volumes. Early Science in Oxford. The Museum, which owes 
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its foundation and many of its rarest contents to ** that excellent and publick* 
spirited Gentleman, Elias Ashmole, Esquire/* is peculiarly rich in scientific 
instruments ; for instance, it possesses a notable collection of astrolabes, including 
a Persian instrument dated A.H. 374 (—A.D. 984), which is actually the earliest 
dated scientific instrument known, and also fine sets of Persian, Indian, Egyptian, 
Moorish, Spanish, Italian, French, Flemish, German and English astrolabes. 

An early ancestor of the taximeter is shown in Cary*s perambulator or “ way- 
wiser,” of which the first record appears in Evelyn's Diary of 1656. 

Some remarkable telescopes are now in the collection, including replicas of 
Galileo's instruments, and one of the oldest extant micrometer eyepieces ; but 
possibly the most interesting entry in the catalogue is that referring to the Hooke 
Microscope. Robert Hooke, of Christ Church, invented an entirely new method 
of supporting his microscope, by mounting the body-tube and screw-collar upon 
a pillar, with a ball-and-socket movement so as to render the tube inclinable. 
His method has been universally adopted ever since, and it enabled him by examin¬ 
ing a specially prepared section of vegetable tissue to see, for the first time in the 
history of mankind, cells—to observe, in fact, that the particular tissue at which 
he was looking consisted of nothing but cells, thus originating ” perhaps the most 
important generalisation ever made with regard to the structure of living things." 
His instrument and discovery were communicated to the Royal Society in 1663, 
and he then described what is probably the first occasion on which a microscopic 
section was cut. 

A System of Physical Chemistry. By William C. McC. Lewis, M.A., D.Sc. 

Volume II.: Thermodynamics. Fourth Edition. London: Longmans, 

Green and Co. 155. net. 

It is not given to every text-book to attain the rank of a classic*within a few 
years of its original publication, but such a claim might fairly be made on behalf 
of the present work. Admittedly, the competition has not been very severe, being 
practically limited, so far as concerns books on advanced general physical chemistry 
published in this country, to the earlier works by Nemst and Ostwald and the 
recent treatise edited by Taylor; but mere scarcity of competitors, unaided by 
a high degree of intrinsic merit, would never have provided the reputation which 
Lewis's text-book has won. 

The second volume, which now appears in its fourth edition, is that which deals 
with the application of thermodynamics to chemistry ; the first is occupied with 
the mechanistic treatment, and the third with the quantum theory. As Professor 
Lewis explained in his original preface, this division is not the result of any 
theoretical principle of classification, but is adopted in order to make the book 
more easily readable. It is undeniable that a certain inconvenience results at times, 
but probably not more than would attach to any other method of presenting 
the subject. 

The main improvement incorporated in the new edition has been the provision 
of an outline of the activity concept. This was badly needed, and might even 
be considered somewhat overdue. In this section, as elsewhere in the book, actual 
extracts from the original papers are given on occasion, with the effect, of course, 
of lending additional authority to the account presented. In principle, having 
regard to the different functions performed by an original paper and a text-book, 
it might perhaps be thought that this practice would prove undesirable, since it 
could hardly be expected that the same form of words would be th^ best possible 
for both purposes ; and, no doubt, this would give rise to a real objection were 
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not the. most careful judgment used in the selection of passagea for quotation. 

Although the greater part of the book is obviously intended for post-graduate 
workers, yet there is much in it which might with advantage be assimilated by 
the undergraduate honours student, provided he can avail himself of sound 
gl^dance in choosing his reading. 

The Mechanical Investigations of Leonardo da Vinci. By Ivor B. Hart. 

London : Chapman and Hall, Ltd. Ids. net. 

In this delightful volume, with its seven inset plates and 136 illustrations in 
the text, Mr. Hart calls special attention to Leonardo as the chief pioneer and 
student as regards the kinematics of flight, but he also gives his readers a pleasant 
^troductory story of Leonardo as the many-sided genius of the Renaissance 
(pp. 1 - 54 )- 

Like Machiavelli, his contemporary and fellow Tuscan, Leonardo failed to 
gain the advantages of printing as a means of giving publicity to his writings, uie 
printing activities of his period being mainly devoted to multiplying the more 
ancient literature, but we possess the more important of Leonardo's physical 
and mathematical writings actually as he produced them ; notes and sketches 
being.side by side on the same sheet. The chief collection of such sheets, known 
as the Codice Atlantico, embodies some 400 sheets and nearly 2,000 marginal 
sketches. It has been recovered after many wanderings, and, together with 
minor items, has been safely placed where available for use and reference (pp. 
194-199). 

Mr. Hart gives us an English version of all Leonardo's known matter relating 
to the flight of birds and on immediately collateral mechanical and mathematical 
subjects, while thin sheets of original text with marginal sketches are reproduced 
in fac simile: these forming plates V, VI and VII. The work under notice 
abounds in lucid descriptions of mechanical detail, and manifestations of historical 
study, all being pleasant to read and easy to understand. 

It is difficult to select representative samples of a work like that before us, but 
we may mention Leonardo's scheme for a vertically rising flying machine as figured 
on p. 192, and in addition the author shows that Leonardo clearly understood 
the essential principles of the fire balloon (pp. 150-151) and of the parachute. 
Conjectures seem vain when we try to penetrate the dim vistas of the far past, 
but we may take it that the matter now presented to the reader stands on a very 
firm documentary basis, the writings and sketches being undoubtedly from 
Leonardo's own hand in or about the year 1505. The general reader may think 
of many things which have been suggested by his reading, and regarding which 
we can have but little hope of knowing the basis of truth, if any ; as, for example, 
the story of the flight of Bladud, or that of Icarus. 


GENERAL NOTE. 

India Office Library. —^TThe annual report on the India Office Library for 
the financial year 1923-24 shows that the number of readers was 2,673, while 
2,019 books were taken away on loan and 72 MSS. and Xylographs were also lent. 
The accessions, including periodicals, amounted to 10,033. In addition eleven 
manuscripts (five Sanskrit, five Tibetan and one Persian) were purchased. The, 
entn^ under the same heading mention an English framed letter (9/6/1732) from 
Mr. ^Daniel Bayley to the Rev. Mr. King, of Styche, concerning Clive's boyhood. 
This was presented by the late Sir Steuart Colvin Bayley. Amongst the donations 
were the followingFive seals in N&gan character and six in Persian character, 
and eighteen gramophone records of languages spoken in the Bombay Presidency. 
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REPORT ON THE COMPETITION OF INDUSTRIAL DESIGNS, 1925. 

Introduction. 

This competition was held for the first time in 1924, when 1,408 designs 
were submitted by 553 candidates. On the whole, the judges were disappointed 
in the quality of the work submitted last year, but in some sections, especially 
Textiles, a number of good designs were shown. One case, in particular, the 
Council have much satisfaction in placing on record. The student who won a 
Travelling Scholarship of £50, for black and white work, after visiting Holland, 
was placed in communication with a first-class printing firm, and he has since 
been kept in almost continuous employment carrying out illustration work 
of a high order. His introduction to this class of work was entirely due to 
his success in the competition. » 

The Coimcil are also gratified in reporting that the competition has been 
brought to the attention of the Board of Education, who have formed a very 
high estimate of its practical value. They believe it will have a far-reaching 
and useful influence upon the teaching in schools of art throughout the country, 
and in order that they may be kept in touch with the movement they have 
appointed Mr, Harvey Allport, H.M. Inspector of Schools of Art, to serve 
on the Central Committee of the Scheme. The Council warmly welcome the 
prospect of this co-operation with the Board. 

As was explained in last year's report, in order to add to the attractiveness 
of the competition, it was decided to offer money prizes, and, if possible, 
travelling scholarships. Accordingly the various sectional committees issued 
appeals for fimds, to which very satisfactory responses were received. The 
list of subscriptions is printed as an Appendix to this Report. 

Particulars of the Competition, 1925. 

Particulars of the present Competition were issued and widely circulated 
at the end of 1924. The announcement of the subjects and prizes was as 
follows 
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Open Competition of Industrial Designs. 

In order to encourage the study of designs for industrial purposes, the Royal 
Society of Arts have decided to hold Annual Competitions. The second 
Competition will take place in June, 1925. It will be open to two classes— 
(a) All British Subjects (with certain specified limitations as to age in the 
Sections of Architectural Decoration and Furniture), and (6) Students in British 
Schools of Art. 

Entries can only be received from individual designers, not from firms. 

The subjects of competition will be the same for both classes of candidates, 
but in considering the work the Judges will bear in mind to which class the 
competitors belong. 

The Competition will be divided umder the following heads:— 

(1) Architectural Decoration. 

(2) Textiles. 

(3) Furniture. 

(4) Book Production. 

(5) Pottery and Glass. 

(6) Miscellaneous. 

Particulars of the subjects prescribed in each Section, together with the prizes 
offered in connexion therewith, will be found below. The Council reserve the 
right of withholding any or all of the prizes offered, or of awarding prizes of 
less value. 

Designs for which prizes are not awarded may be '* Highly Commended 
or Commended at the discretion of the’ Judges. 

The Judges will be appointed by the Council of the Royal Society of Arts on 
the recommendation of the various Sectional Committees. In making the 
awards, it shall he an essential condition that the designs approved are suitable for 
the materials for which they are intended. 

The Society will confer its Diploma on any candidate whose work shows 
exceptional artistic abilit}^ and practical knowledge of the materials and processe.^ 
of his trade. 

The following are the subjects of competition in the various sections in 1925 :— 
Architectural Decoration. 

Decorative Architecture. 

A Travelling Scholarship of the value of for one year will be offered on the 
following conditions:— 

Candidates must not be over 35 years of age. They must be prepared to 
travel in France, Italy, Spain or Flanders for six months, which, however, 
may be brokeh up into periods of, say, three or two consecutive months. 

Subject of Competition, 

' The subject is a Memorial Library for a College, suitable for housing a small 
but rare collection of books. 

The superficial area of the room is not to exceed 1,300 feet. The method of 
. ammging the bookcases and displa3dn^ a few objets d'art is left to the com- 
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petitor. Cost is not a. primary consideration, and the use of expensive woods, 
as well as inlays of ivory, ebony or metal, in addition to marble, can be considered. 

In a suitable place a commemorative panel or some other motif should remind 
the visitor of the origin of the Library. The scheme of the ceiling, which can 
be treated as a space for decorative painting, as well as the pattern of the floor, 
must' harmonise with the whole design. 

A preliminary competition of twelve hours will be held in London and other 
centres in April, 1925. Candidates must give notice of their intention to compete, 
to the Secretary of the Royal Society of Arts, not later than March 14th. For 
this competition the following drawings will be necessary:— 

A plan of the floor, one section, and a plan of the ceiling, all to a scale of 
a quarter of an inch to a foot. 

For the final competition two months will be allowed to the competitors, selected 
after the first competition. The finished^ drawings are to include the following :— 

Plans of floor and ceiling and two sections to a scale of half an inch to a 
foot, a detail drawing of the fireplace or some other feature shewing the 
complete height and treatment of the room from floor to ceiling. 

Competitors should bear in mind that electric lighting and central heating are 
to be considered. 

Wallpaper. 

The subject of competition is as follows:— 

A design for a Wallpaper suitable for use in large panels in a Theatre or 
Cinema, to be reproduced by Block Printing in not more than four colours. 
Size, 42 ins. repeat by 21 ins. wide. 

Prize offered : A Prize of £10 105. is offered for this subject. 

Textiles. 

The subjects of competition are designs for the following:— 

(1) Carpets and Rugs ; Moquettes ; Floor Coverings; Linoleum and Floor 

Cloths. 

(2) Tapestries; Damasks, Brocades and Figured Velvets for Furniture and 

Decoration ; Vestments ; Church Fabrics, including Altar Frontals, etc.; 

and Table Damasks. 

(3) Printed Fabrics for Hangings and Furniture ; Bedspreads ; Cushion Squares ; 

Tea Cosies, etc. 

(4) Printed Fabrics for Dress; Dress Brocades and Fancy Dress Fabrics; 

Handkerchiefs ; Tie Silks and Mufflers ; Ribbons and other narrow goods. 

(5) Lace ; Lace Curtains ; Embroidery; Open Work. 

Candidates may submit designs for any or all of . the items in any or all of the 
foregoing groups. 

Prizes offered: The contributions to the Prize Fund are sufficient to allow 
of the award of one, or possibly more, Travelling Scholarships to candidates of 
outstanding ability. The course of study to be followed by the successful candidates 
will be decided after consultation between them and the Judges. 

Money Prizes of not less than 10 105. each are offered in each of the groups 
(1)—(5) at the discretion of the Judges. 
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Furniture. 

The subjects of competition are as follows:— 

(i) Designs for the complete Furniture of a Dining Room decorated in i8th 
Century Period. 

{2) Designs for the complete Furniture of a Bed Room, decorated in William 
and Mary Period. 

(3) Designs for the complete Furniture of a Study, without reference to traditional 
style. 

{4) Designs for the complete Furniture of a Working-man's Living Room. 

{5) Design for a Cabinet for Decorative China. 

{6\ Designs for Writing Table and Chair. 

(7) Designs for Garden Furniture in Cane. 

Prizes offered : A Prize of £20 is offered for the best set of designs in each of the 
groups (i), (2) and (3). and a Prize of £10 los. for the best designs in each of the 
groups (4), (5), (6) and (7). Second Mzes may be awarded at the discretion of 
the Judges. 

No Candidate may receive more than two First Prizes. 

Candidates in this Section must not be over 25 years of age. 

Book Production. 

The subjects of competition are as follows :— 

(1) Designs for either or both of the following:—(a) A Title Page entirely sec 

from Type, with or without Printers' ornaments ; (b) A Title Page partly 
decorated. The Title Pages to be taken from any or all of the following r— 

(a) ** The History of Tom Jones, a Foundling," by Henry Fielding. 
(Size, Demy Quarto.) 

(h) " On the Morning of Christ's Nativfty," by John Milton. (Size 
Crown Quarto.) 

{c) A Scientific Paper. (Size, Demy Octavo.) 

The copy in each case will be supplied by the Royal Society of Arts. 

(2) Designs for Three Pages of Text, with Chapter Heading, from any or all 

of the books enumerated in Section i above, and in the sizes respectively 
indicated there. 

The copy for (c) will be supplied by the Royal Society of Arts. 

(3) Designs for either {a) A Line Illustration, or (6) A Colour Illustration. 

(The subject of the design must be taken from a well-known book, e,g„ 
one included in the World's Classics or Everyman's Library,) 

The design may be drawn to euiy size, but must be suitable for illustrating 
a Crown Quarto page. 

(4) An all-over design suitable for general use as either (a) an End-paper, or 

(6) a Cover Paper. N.B.—Paper Jackets are not eligible. 

(5) Design for a Binding for " The History of Tom Jones, Foundling," by Henry 

Fielding, in Cloth (blocked). . 

(6) Design for a Binding for " The History of Tom Jones, Foundling," by Henry 

Fielding, in Leather (tooled). 

All designs must be submitted on Pap^, and not as finished articles. 

Prizes offez^ : A Prize of not less than ;^io zos. is offered for each of the subjects 
set forth above. 
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Pottery and Glass. 

The subjects for competition are as follows i-r— 

China, 

(1) Designs for a Tea Cup and Saucer and Cream Ewer, with decoration suitable 

for either engraving, enamelling or lithographing; with or without 
gilding, and with or without grounds. 

Earthenware. 

(2) Designs for a Dinner Plate and Vegetable Dish, with decoration suitable 

for either engraving, enamelling or lithography; with or without gilding. 

Glass. 

(3) Designs for a Service of Glass (i.e., a Wine Glass, a Tumbler and a Decanter) 

in plain form or with decoration suitable for etching, engraving or cutting. 

(4) Designs for a Water Jug, Goblet and {Salad Bowl, in plain form or with decora¬ 

tion suitable for cutting. 

(3) A design for a Dish or Bowl in pressed glass. 

In this Section candidates are earnestly advised to aim at beauty of outline 
rather than elaborate detail. 

Prizes offered : First Prizes of not less than £10 los. each will be offered in 
connexion with each of the groups (i)—(5). The copyright of the designs will 
remain the property of the successful candidates, who will also be afforded special 
facilities for selling their designs to the Manufacturers* Associations interested. 

Miscellaneous. 

Cadbury Bournville Travelling Scholarship. 

Messrs. Cadbury Brothers, Ltd., offer a Cadbury Bournville Travelling Scholar¬ 
ship of £$0 for one year in each of the years 1925-7. The winner will be required 
to travel on the Continent of Europe for the development of his or her art. 

The subjects for competition are:— 

(1) A Poster drawing attention to the, Value of Cocoa for Children. 

(2) A Poster advertising Chocolate. 

Candidates may enter for either or both of the foregoing subjects. 

The award will be subject to the under-mentioned conditions:— 

(а) The Judges shall be three in number, of whom two shall be appointed by 

the Royal Society of Arts and one by Messrs. Cadbury Brothers, Ltd. 

(б) The Scholarship-winning design, with copyright, shall be the property of 

Messrs. Cadbury Brothers, Ltd. 

Special Prizes for Chocolate Box Designs. 

Messrs. J. S. Fry and Sons, Ltd., of Brbtol, offer two First Prizes of £2$ each 
and two Second Prizes of ;^io each for the following subjects:— 

(i) A design in four or five colours suitable for a Lid and Front Label for Display 
Box, including lettering. The design can be associated with any name 
or title selected by the competitor, design and name being suitable for 
chocolate assortment boxes. Size not to exceed ii ins. by 7 ins. 

<2) A wrapper in one colour, appropriate to the name of ** Somerdale.*' Size 
not to exceed 6} ins. by 3 ins. Special attention to be given to the style 
of lettering. 
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The awards will be subject to the under-mentioned conditions:— 

(а) The Judges shall be three in number, of whom two shall be appointed by the 

Royal Society of Arts and one by Messrs. J. S. Fry and Sons, Ltd. 

(б) The prize-winning designs, with cop3nright, shall be the property of Messrs. 

J. S. Fry and Sons, LM. 

(c) The designs submitted must be original, and should be of a character that 
would be understood and appreciated by the general public. 

Special Prize for a Poster for Sunlight Soap. 

Messrs. Lever Brothers, Ltd., offer a Prize of for a Poster Design to advertise 

Sunlight Soap.*' The design is to be executed for reproduction by lithography 
in not more than seven colours. It is to be in the proportion of i6 sheets, and 
not smaller than 30 ins. by 20 ins. 

The award will be subject to the under-mentioned conditions 

(а) The Judges shall be three in number, of whom two shall be appointed by 

the Royal Society of Arts, and one by Messrs. Lever Brothers, Ltd. 

(б) The prize-winning design, with copyright, shall be the property of Messrs. 

Lever Brothers, Ltd. 

Special Prizes for Posters Offered by Messrs. Nestl]^. 

Messrs. Nestl6 offer three Prizes of £$0, £25, and £10, respectively, for Poster 
Designs to advertise Nestl6*s Milk ; and three Prizes of £2^, £10, and £s, respectively, 
for Poster Designs to advertise Ideal Milk. 

The Designs must be suitable for reproduction by lithography in not more than 
seven colours. The size must be not less than 30 ins. deep by 20 ins. wide, or in 
that proportion. Too much detail should be carefully avoided. Great credit 
will be given for originality of ideas and power to arrest attention. 

The awards will be subject to the under-mentioned conditions:— 

(a) The Judges shall be three in number, of whom two shall be appointed by 
the Royal Society of Arts, and one by Messrs. Nestle. 

{b) The prize-winning designs shall be the property of Messrs. Nestle, including 
the full copyright, with all rights of reproduction, although there shall 
be no obligation on the part of Messrs. Nestl6 to use them. 

Special Prize for a Design for a Christmas Gift Box. 

Messrs. A. and F. Pears, Ltd., offer a Prize of £2$ for a design for a Christmas 
Gift Box containing toilet accessories. The size of the Box is approximately 
9} ins. by 6 ins. by 2^ ins. The choice of the material, metal, wood, etc., is left 
to the designer, but the wholesale cost of the Box for 10,000 must not exceed 
j£6oo. The design may, at the option of the competitor, indicate that the Box 
is a Christmas Gift Box made by A. and F. Pears, Ltd., London. It is not essential 
to introduce any words, but if candidates decide to do so they are advised to pay 
special attention to the lettering. 

The award will be subject to the under-mentioned conditions:— 

(а) .The Judges shall be three in number, of whom two shall be appointed by 

the Royal Society of Arts and one by Messrs. A. and F. Pears, Ltd. 

(б) The prize-winning design, with copyright, shall be the property of Messrs. 

i A. and F. Pears, Ltd. 
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Special Prize for Graphic Cover. 

The Proprietors of “ The Graphic offer a Prize of £2^ for a design in three colours, 
suitable for the Cover of a Christmas number of *' The Graphic/' on the following 
conditions:— 

(1) . The Judges shall be three in number, of whom two shall be appointed by 

the Royal Society of Arts and one by the Proprietors of ** The Graphic." 

(2) The prize design, with copyright, shall be the property of the Proprietors 

of " The Graphic." 

(3) The designs submitted should be of a character that would be understood 

and appreciated by the general public. 

(4) The Proprietors of " The Graphic " shall have the right to select any other 

designs, on the payment of sums of £12 125. and upwards, according 

to their merits. 

" Owen Jones " Prizes. 

In addition to the prizes mentioned alx)ve, the Council offer six Bronze Medals 
under the " Owen Jones " Trust to candidates in Class (b) Students in British 
Schools of Art. 


Thanks to the kind assistance of the Director, Mr. Eric Maclagan, C.B.E., 
the Society received permission to judge the designs and afterwards to 
exhibit selected specimens at the Victoria and Albert Museum from 
August 1st—31st. 

Numbers of Entries. 


The number of competitors who entered in all sections of the competition 
was 813. Of these 614 were students of Schools of Art and 188 non-students. 
The number of designs submitted was 2,033, divided as follows: 


Architectural Decoration Section (including Wallpapers, 37) 
Textile Section .. 

Furniture Section .. .. ^ 

Book Production Section 
Pottery and Glass Section 


48 

807 

104 

259 

103 


Miscellaneous Section— 

Prizes offered by Messrs. J. S. Fry and Sons, Ltd. .. .. 253 

Travelling Scholarship, offered by Messrs. Cadbury Bros. Ltd. .. 58 

Prize offered by Messrs. Lever, Brothers, Ltd. .. .. .. 154 

Prizes offered by Messrs. Nestis .. .. .. .. .. 167 

Prize offered by Messrs. A. and F. Pears, Ltd. 32 

Prize offered by the Proprietors of " The Graphic *' .. .. 48 


2033 

The Schools of Art from which candidates entered were:— 

[The number in brackets show the number of candidates from each school.] 
Acton and Chiswick (2) ; Ashton-under-Lyne (i); Barnstaple School of Art 
(3); Barnstaple School of Science and Art (3); Ba^ (i); Batley (8); Battersea 
(21); Belfast (35).; Birmingham (4); Birkenhead (i) ; Blackburn (21); Black- 
heath (12); Blackpool (3); Black and White Poster Studios (10); Bolton (22); 
Bombay (i); Bournemouth (i); Bradford (35); Brighton (2); Brixton (i); 
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Bristol (i); Bromley (Kinnaird Park School) (4); Bromley (Palace School) (4) ; 
Burslem (5); Barrow-in-Furness (i); Cardiff (5); Camberwell (3) ; Carlisle (5) ; 
Camboume and Redruth (2) ; L.C.C. Central School of Arts and Crafts (50) ; 
Chelsea (14); Chesterfield (i) ; Chester (i); L.C.C., Clapham (3); Colchester 
(9) ; Croydon (37); Darlington (10); Darwen (2) ; Derby (25); Douglas (5) ; 
Dublih (5) ; Dudley (5); Dunfermline (4) ; Durban (4) ; Ealing (2) ; East Ham 
(2) ; Edinburgh (15) ; Epsom (i); Falkirk (2) ; Falmouth (2) ; Farnham (30) ; 
Folkestone (2); Glasgow (5); Godaiming (8)-; Glossop (7); Goldsmiths’ College 
(34) '» Great Yarmouth (2); Holywood (i); Halifax (15) ; L.C.C. Hammersmith 
(4) ; Hampstead Garden Suburb (7) ; Hastings (ii) ; Heatherley’s (i) ; Heywood 
(4) I High Wycombe ( 8 ) ; Hornsey (20) ; Hove (Wick Studios) (13) ; Huddersfield 
(4) j Hyde (18) ; International Correspondence Schools, Kingsway, W.C. (3) ; 
Ipsidch (14); Keighley (8); Kidderminster (ii) ; Kingston-on-Thames (i) ; 
Lancaster (6); Leeds (58); Lewes (9); L.C.C.. Lewisham (5); Leyton (12); 
Liverpool (53) ; London (Stratford Studios) (i) ; London School of Printing (3) ; 1 
Macclesfield (18) ; Maidenhead (5) ; Manchester (148) ; Manchester College of 
Technology (2) ; Margate and Ramsgate (3) ; Motherwell (i); Newbury (4) ; 
New^rt (Mon.) (2) ; North London Collegiate School (4); Norwich (i) ; 
Nottingham (46) ; Nottingham Correspondence College for Applied Designs (28) ; 
Preston (2) ; Paignton (2) ; L.C.C., Putney (5) ; Regent Street Polytechnic (29) ; 
Redditch (2) ; Rochdale (8) ; Rochester (14) ; Richmond (n); Royal Academy 
Schools (6) ; Royal College of Art (36) ; Salford (4) ; St. John’s Wood Studios (6) ; 
St. Helens (3) ; Sevenoaks (i); Sheerness (i) ; Sheffield (29) ; L.C.C. Shoreditch 
(12) ; Slade School (i); Southport (4); Stourbridge (2) ; Sutton (i> ; Sunderland 
(i); Tiverton (5); Toronto (Ontario College) (i) ; Torquay (5); Wallasey (2); 
Warrin^on (9) ; Watford (25) ; Westminster (3) ; Weymouth (4); Weybridge 
(i) ; Wigan (4) ; Wimbledon (8) ; Wolverhampton (6) ; Woolwich (6) ; Wordsley 
(20); York (i). 

Names of Judges.. 

The Judges were appointed by the Council of the Society on the recom¬ 
mendation of the various Sectional Committees. Their names are as follows:— 

Architectural Decoration. 

Sir Charles Allom, Chairman of the Section; Arthur J. Davis, F.R.I.B.A. ; 
Geoffrey Fildes, A.R.I.B.A.; Sir Banister Fletcher, F.R.I.B,A.; and Stanley 
Hamp, F.R.I.B.A. 

Wallpaper. 

H. G. Dowling and L. A. Shuffrey. 

Furniture. 

Octavius Satchell, Chairman of the Section; W. Stewart-Greene, Deputy 
Chairman; W. Nelson Bridges; Ambrose Heal; C. A. Richter; H. D. 
Searle6-Wood, F.R.I.B.A. ; and L. A. Shurftey. 

(Sir Banister Fletcher, F.R.I.B.A., and J, Murray Reid were also appointed 
judges, but were unable to act.) 

Textiles. 

Sir Frank Warner, K.B.E., Chairman of the Section; Colonel W. R. Adam; 
F. V. Burridge, R.E. ; J. H. Dearie ; T. C. Dugdale ; A. F. Kendrick; 
Thorold D. Lee; E. W. Tristram; W.‘Turnbull; A. J. B. Wace; and A. 
Herbert Woolley. 
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Book Production. 

J. A. Milne« C.B.E., Chairman of the Section ; F. V. Burridge, R.E.; N. de 
Orey; Geo. W. Jones; Major R. Leighton ; C. J. L'Estrange; C. H. Pren¬ 
tice ; G. H. Palmer; and J. R. Riddell. 

(Laurence Binyon, LL.D., and Emery Walker, F.S.A.. were also appointed 
judges, but were unable to act.) 

Pottery and Glass. 

E. R. Edis, Chairman of the Section; Major Frank Wedgwood, Deputy 
Chairman ; Percy Brooks ; M. St. Johiji Hope ; H. Irving ; J. Leather ; Bernard 
Rackham ; and Herbert Webb. 

Miscellaneous. 

Cadbury Bournvilh Travelling Scholarship. 

J. A. Milne, C.B.E.; Frank Hck; "^and C. H. Whittaker, 

Prize offered by Messrs. Lever Brothers, Ltd. 

Charles Berry ; J. A. Milne, C.B.E. ; and Frank Pick. 

Prizes offered by Messrs. Nestld. 

Edgar H. Fisher; J. A. Milne, C.B.E.; and Frank Pick. 

Prizes offered by Messrs. J. S. Fry and Sons, Ltd. 

Miss B. M. Bradshaw; F. V. Burridge, R.E.; and J. A. Milne, C.B.E. 

Prizes offered by Messrs. A. and F. Pears, Ltd. 

F. V. Burridge, R.E.; J. A. Milne, C.B.E.; and Robert Pears. 

Pri^e offered by the Proprietors of ** The Graphic.** 

J. A. Milne, C.B.E. ; Sir Bertram Mackennal, K.C.V.O., A.R.A.; and 
Carmichael Thomas. 

REPORTS OF JUDGES. 

The judges met on various dates between July 9th and 28th, when they 
examined the work submitted and drew up the various reports printed below. 

The number of designs submitted this year (2,033 813 candidates) shows 

a considerable increase on the figure for 1924, when 1,408 designs were 
entered by 553 competitors. It is interesting to note, as evidence of 
the growing popularity of the Competition, that among the competitors 
were some from Durban, Johannesburg, Karachi, Sydney, Toronto and Victoria. 
On the whole, there was a marked improvement in the quality of 
the designs, although, as will tje seen from the reports of the judges, 
in some of the sections the work is still very disappointing. Several of the 
reports draw attention to the lack of originality in the competitors. Originality 
is a rare and refreshing fruit which cannot be expected to grow on every tree ; 
but, of course, it is a sine qua non of the first-class designer, and it is to be 
hoped that in future competitions it may be more in evidence, though it is, 
perhaps, but right to throw out a Warning that the judges do not at all desire 
to see it cultivated at the cost of good taste and sanity. 
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Another sine qua non of the good designer is draughtsmanship. Some 0# 
the judges comment on the weakness of the competitors in this respect ;* 
but, on the other hand, in the sections of Architectural Decoration and 
Furniture, the level of draughtsmanship is very high. 

Architectural Decoration. 

Decorative Architecture, —Designs for a Memorial Library for a College. Eighteen 
competitors entered for the en Inge stage of this Competition, and of these eleven 
completed the finished drawings. In view of the value of the prize—a Travelling 
Scholarship of —the judges are somewhat surprised that the number of entries 

was not larger. 

Alter the most careful consideration, the Judges awarded the travelling Scholar¬ 
ship to E. D. Wilson (Technical College, Sydney, and Royal Academy Schools). 
They considered that this competitor has realised the idea of a memorial library for 
a college more successfully than any other candidate, his designs are restrained and 
dignified, although the composition of the ceiling is not satisfactory. 

The following are commended :— 

Miss A. Muriel Hargroves (School of Architecture, University College, London).- 

J. B. Maxwell (School of Architecture, University of Liverpool). 

Wallpaper, —The prize of £10 105. is equally divided between John Henry 
Garnett (Sheffield Technical School of Art) (No. 1070) and William Charles Reeves- 
(L.C.C. Hammersmith School of Arts and Crafts) (No. 1683). 

Commended : Miss Vera Maud Moller (North London Collegiate School of Art)> 
(No. 1768). 

Textiles. 

Sub-Section I. Carpets and Rugs ; Moquettcs ; Floor Coverings ; Linoleum< 
and Floor Cloths. 

The work submitted attained a good standard of design, some excellent 
examples being shown under all the headings, Carpets and Rugs, Moquettes, 
Floor Coverings, Linoleums and Floor Cloths. In the case of carpets,, 
borders should have been submitted as well as the centres, and the designs should 
be accompanied by a portion drawn to working scale. 

The awards are as follows:— 

Prize of £10 los, to Frederick Walter Downing Eastaugh (South Mansions,. 
Streatley Road, Kilbum, N.W. 6) (No. 791), 

Prize of £s 5S, and an Owen Jones Medal to David Edgar Morris (Kidder* 
minster School of Art) (No. 1685). 

Prize of £5 55. to Miss Mary Ruth Baynes (L.C.C. Central School of Arts and 
Crafts) (No. 1022), 

Highly commended: 

William Reid Robb (92, Harriet Street, Kirkcaldy) (No. 72). 

Walter Shepherd (159, Chester Road, < Kidderminster) (No. 770). 

Miss Muriel Walker (Manchester School of Art) (No. 1976). 

Sub-Section 2. Tapestries, Damasks, Brocades, Table Damasks, etc. 

Whilst the increased number of entries was evidence of the growing popularity 
of the Competition, by far the most satisfactory feature was the all-round improve¬ 
ment in the standard of design. 

The judges were glad to see several designs from Blackburn School of Art, o£ 
which No. 1693 ^ exceptionally well-drawn and pleasing piece of damask 

work. 
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No. 1149, although somewhat vivid in colour, shows life and vigour. It is of a 
practical nature, well adapted to its purpose, and could be produced to good effect 
in cloth. 

No. 393 shows true tapestry feeling, and some originality in the use of the 
ornament employed. 

No. 104 is well drawn and has excellent damask qualities. 

No. 215 is a well-balanced study, and simple in treatment. 

Prize of £10 105. and an Owen Jones Medal to Edmund Holden (Blackburn 
School of Art) (Nos. ^693 and 1694). 

Prize of £10 los. to Miss Elsie Thompson (3, Blandford Road, Bedford 
Park, W. 4) (No. 1149). 

Highly commended: 

Miss Marjorie Ella Brown (Torquay School of Art) (No. 393). 

Miss Violet Lilian Prayer (Regent Street Polytechnic Art School) (No. 827). 
Thomas Isherwood (Blackburn School of Art) (No. 1695). 

Miss Ena Kingsford (Dunfermline Lauder Technical School) (No. i). 

Francis James Neill (Lismore, Newtownbreda, Belfast) (No. 104). 

Commended: ^ 

Miss Ethel Heaviside-Williams (Torquay School of Art) (No. 397). 

Robert Broadbent Mortimer (Blackburn School of Art (No. 1698). 

John Edward Smith (Carlisle School of Art) (No. 215). 

Sub-Section 3. Printed Fabrics for Hangings and Furniture, etc. 

The designs generally are lacking in freshness; many of them are reminiscent, 
and inspired by well-known styles. The colour is too often crude, and sometimes 
vulgar. Many of the works submitted are more suitable, both in colour and 
design, for wallpapers than for textiles, and indicate insufficient technical knowledge 
of the printing craft. The realistic treatment of flowers as applied to printed cotton 
should be more restrained and very carefully considered. The drawing of flowers 
is in many cases very poor. 

On the whole, this Sub-section shows promise rather than attainment, and the 
judges have made their awards under the influence of that feeling. 

Prize of £10 105. to Miss Ethel Mary Bennett (Vorda, Caerleon, near 
Newport, Mon.) (Nos. 850 to 855). (6 designs.) 

This group of designs shows versatility and promise. 

Prize of £$ 55. to Miss Joan Isobel Booth-Smith (106, Ringstead Road» 
Catford, S.E. 6) (Nos. 857 to 862). (6 designs.) 

This group shows some originality in design. 

Highly commended: 

Thomas James Corbin (Croydon Sdbool of Art) (No. 1106). 

Commended: 

Miss Molly Booker (Technical School of Art, Godaiming) (No. 883). 

Thomas Davies (Lekls School of Art) (Nos. 1236 to 1244). 

Miss Phillis Joan Moss (Rochdale School of Art) (No. 488). 

Frank Nolan (15, Stubbins Lane, Ramsbottom, Manchester) (No, II3)» 

Miss Alice D. Parkin (Nottingham School of Art) (No. 1626). 

Miss Madeline Sagar (Richmond School of Art) (No. 216). 

Miss Florence M. Street (Liverpool City School of Art) (No. 362). 
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Sub-Section 4. Printed Fabrics for Dress, Dress Brocades and Fancy Dress 
Fabrics; Handkerchiefs; Tie Silks and Mufflers; Ribbons. 

The standard in the printed dress fabrics seemed higher than last year, and 
more work of promise was to be seen, though taste is in great need of cultivation, 
and also attention to fashion. Many schools seem to have little or no regard to 
this, and in designing fabrics for dress, whether printed or woven, fashion is most 
important, and, of course, must be viewed with good taste. The dress brocades 
were very unsatisfactory—not at all tasteful, and poor in design and colour. 

On the whole there was an improvement in colour, as compared with the work 
submitted in 1924, but too much insistence cannot be placed on the importance of 
:!tesh, bright colour schemes, and an avoidance of dull and dowdy colour generally. 
Choice of motif is also important. Many designs, otherwise good, were really 
unsuitable owing to the too naturalistic treatment of an unsuitable motif. If the 
motif is treated in such a way that it Ceases to resemble a naturalistic form, all 
is well, other things being good ; but when it is naturalistically treated, then it 
must be the sort of motif one feels suitable to dress. 

The handkerchiefs, with the exception of the batiks, were very disappointing. 
Few schools seem to have the right idea of them. A handkerchief is not a picture 
and must not be treated tis such. Many of this type are seen in the shops, no 
doubt, but they are to be deplored. Simplicity and good taste are the first 
considerations, and anything treated in a naturalistic way is obviously out of 
place. 

Some of the batiks depended too much on accidents of the process to be good. 
The accident should not be cultivated, but should be used intelligently without 
being forced. Simplicity, again, cannot be too strongly urged. In the design for 
a batik of any kind the. best effects are always obtained by simplicity in design and 
tasteful choice of dyes. 

The tic silks were disappointing, both as to colour and design ; and there were 
few ribbon designs of high merit. 

The awards are as follows : — 

The Travelling Scholarship of £150, Prize of £10 105.. and an Owen Jones 
Medal to Miss Margery Toinlin (Regent Street Polytechnic School of 
Art) (Nos. 546 to 556, 558 to 561 and 563). 

Prize of £10 105 . to Miss Lilian Josephine Pocock (24, Warwick Avenue, 
W. 9) (No. 100, set of 23 designs). 

Prize oif £5 55. to Miss Elizabeth Wilson-Haffenden (Croydon School of Art) 
(No. 1130)- 

Highly commended: 

Miss Gladys Maud Buckridge (Leeds School of Art) (No. 1259). 

Miss Ena Louise Coote-Reynolds (Croydon School of Art) (No. 1136). 

Miss Ethel Lupton (Manchester Municipal School of Art) (Nos. 1911 to 1921). 

Miss Agnes Gwen Thornton (Leeds School of Art) (No. 1249). 

Commended: 

Miss Eleanor May Marston (9, Wrottesley Road, Willesden, N.W. 10) 
(Nos. 1199 to 1204). 

Sub-Section 5. Lace; Lace Curtedns; Embroidery; Open work. 

The general average in this section is higher than in the previous competition. The 
works submitted show a sharp contrast—a characteristic feature of the work of 
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art students at the present time. On the one hand there are the designs based 
on traditional motives; On the other, there is the effort to comply with present-day 
tendencies, and to make full allowance for the limitations imposed by modern 
machinery, materials and industrial conditions. In addition there are certain 
works, admittedly showing delicate feeling and a considerable measure of skill 
which can hardly be included in the category of industrial designs. No disparage¬ 
ment to their merits is implied by their exclusion from the scheme of the awards. 

The awards are as follows: — 

Prize of £io los. and an Owen Jones Medal to Miss Marion Hollis (Dudley 
School of Art) (No. 509) for all-round ** excellence. 

Prizes of 5s. each to Mrs. Selina Maiden (Halifax Municipal Technical 
College) (Nos. 4;i6-5t9), for variety and skill in execution, and to Miss Ethel 
Gertrude Thompson (Derby School of Arts and Crafts) (No. 699) for the 
skilful use of artificial silk. 

Highly commended : 

Miss Phyllis Croasdale (Blackburn School of Art) (No. 1689). This drawing 
for embroidery on a black ground shows much skill both in design and in 
colour-scheme. The judges would have liked to see the work carried out. 

Miss Dora Madeleine Power (Derby School of Arts and Crafts) (No. 698). 
A simple and effective piece of work. 

Miss Isabel Mary Smail (Manchester School of Art) (No. 1966). This design 
is skilfully '"finished.** 

Miss Daisy Rogers Stedman (Nottingham Correspondence College for Applied 
Designs) (No. 1596). This design is well adapted to modem commercial 
manufacture ; the two-colour (double-dyeing) scheme is well thought out. 

Commended : 

Miss Sarah Ann Barber (Leeds School of Art) (No. 1229), for careful execution. 

Miss Marjorie Christina Butcher (Nottingham College for Applied Designs) 
(No. 1584), for refinement of design. 

Miss Harriet Cooke (Belfast Municipal College of Technology) (No. 1737), 
as suitable for industrial hand-embroidery. 

Miss Florence Cowan (Belfast Municipal College of Technology) (No. 1735), 
as suitable for industrial hand-embroidery. 

Miss Isabel Fergusson (Manchester School of Art) (No. 1879), for effective 
adaptation of Elizabethan motives. 

Miss Dolly Hanna (Belfast Municipal College of Technology) (No. 1740), for 
suitability for its intended purpose. 

Miss June Kirkbride (Lancaster Storey Institute, School of Art) (No. 1468). 
Although this design is commend^, the judges consider that this type of 
work is not likely to be much in demand in the near future. 

Percy Meadwell (Nottingham School of Art) (No. 1624), skilful adaptation 
of traditional motives. 

Miss Alice Bertha Woodhall (Birmingham School of Arts and Crafts) (No. 
480), for suitability for its intended purpose. 

In conclusion, the judges draw attention to 1592 and 1597 as shoydng much 
originality, though it is doubtful whether they would be successful commercially. 
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Furniture. 

The judges have noted with pleasure that as a general rule the designs submitted 
in this section have been exceedingly well drawn, and the work shows a marked 
improvement as compared with that submitted last year. 

In Sub-Section 3 the subject, ** Designs for the complete Furniture of a Study, 
without reference to traditional style,'' was prescribed in the hope that some 
competitors might discover some original power. Unfortunately, this hope has 
been disapppointed. 

The awards are as follows:— 

Sub-Section i. Designs for the complete Furniture of a Dining Room 
< decorated in i8th Century Period. Prize of £20 and an Owen Jones 
mefal to Frederick Sidney Maude (Ipswich School of Art) (No. 1536). 
Sub-Section 2. Designs for the complete Furniture of a Bed Room, deej)- 
rated in William and Mary Period. Prize of £20 to James Watson 
(Brixton School of Building) (Nos. 585, 586). 

Prize of ;£io 105. to Frank William McCall (22, Park Road, Wallasey) (No. 

233)- 

Sub-Section 3. Designs for the complete Furniture of a Study, without 
reference to traditional style. Prize of £10 los. to Frank William McCall 
(No. 234). 

Sub-Section 4. Designs for the complete Furniture of a Working-man’s 
Living Room. Prize of ;^io 105. to Ernest Francis Burgess (108, Newbridge 
Road, Lower Weston, Bath) (No. 846). 

Prize of £^ 5s. to Donald William Henry Oxlade (Hornsey School of Art) (No. 
*® 79 ). ,,, 

Sub-Section 5. Design for a Cabinet for Decorative China. Prize of £5 5s. 

to William Sanders (Barnstaple Science and Art School) (No. 741). 

Prize of £^ 35. to William David MacKenzie (Edinburgh College of Art) (No. 

327)- 

Sub-Section 6. Designs for Writing Table and Chair. Prize of £^ 5s. to 
Frederick Sidney Maude (Ipswich School of Art) (No. 1534). 

No entries were received in Sub-Section 7, " Designs for Garden Furniture 
in ( 3 ane." 


. Book Production. 

Sub-Sections i and 2. Title pages and three pages of text.—^The judges 
regret that so poor a response has been made by printers to the invitation to take 
part in the competitions which have for their object improvement in Book 
Production. With the exception of one or two examples, those sent in are 
unworthy of the printing craft, and cannot be said to be representative of 
the work done in average book printing offices. 

A number of examples which were submitted for exhibition have been rejected. 

The awards are as follows:— 

Title Pages. “The History of Tom Jones.*' 

(a) Set in Type : Prize of £6 6s. to Harry Felix Paroissier (London School 
of Printing) (No. 1153). 

Prize of £4 45. to James Shand (53, Anson Road, Tufnell Park) (Nos. 
81 and 84). 

(h) Partly decorated. Prize of £10 105. to Frederick Angus Horn (Bradford 
School of Arts and Crafts) (No. T029). 
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(c) '* On the Morning of Christ's Nativity," Prize of £1 ns, to James Shand 
(Nos. 85 and 86). 

Prize of £^ 35. to Harry Felix Paroissier (No. 1152). 

<d) A Scientific Paper, Prize of £^ 55. to Harry Felix Paroissier (No. 1x54). 

Prize of £2 2s, to James Shand (No. 90). 

Sub-Section 2, The judges are unable to make any award in this Sub-Section, 
and they regret that no competitor submitted examples of text pages for The 
History of Tom Jones *' and the Scientific Paper. 

Sub-Section 3. Line and Colour Illustrations, —The standard of designs for 
tx)th line and colour illustrations is low. Competitors should remember two 
points : (i) That in illustration imagination pla3rs a more important part than mere 
technical excellence of execution ; and (2) that in line illustration particularly the 
juxtaposition of type is a governing factor. 

It would be pleasant in future years to see more originality in the exhibits. 

The awards are as follows:— 

For a Line Illustration : Prize of £10 los. to Miss Cecil Higgs (Goldsmiths' 
College School of Art) (No. 1310). 

For Colour Illustrations : Prizes of £^ 55. each to Alfred Edward Kerr 
(12, Deramore Avenue, Belfast) (No. 55), and Miss Joan Ivory Packham 
(Croydon School of Art) (No. 933). 

Sub-Section 4. Designs for End-Papers or Cover-Papers, —The judges found 
a generally high level in the designs submitted in this Sub-Section. Many 
of them showed character, combined with appropriateness for their purpose and 
suitability for production. 

As in other classes, some competitors did not observe the condition that the 
designs were to be suitable for general use. One design (No. 1036), which has 
been commended, might have received a higher award had this requirement been 
more carefully considered. 

The awards are as follows:— 

Prize of £10 105. and an Owen Jones Medal to Miss Evelyn Dorothy Goggs 
(L.C.C. Central School of Arts and Crafts) (Nos. 254, 235, 256, 258). 

Prize of £10 los. to Miss Frederica £. Graham (L.C.C. Central School of 
Arts and Crafts) (Nos. 1320, 1322). 

Prize of £$ 55. to Miss Evelyn Gwendoline Maw (L.C.C. Central School of 
Arts and Crafts) (Nos. 1344-6). 

Commended: 

Mrs. Saidie Frances Cooper (" Heremai/' Kingswood Lane, Hansey Green, 
Warlingham (Nos. 720, 721). 

Frederick Angus Horn (Bradfo^ School of Arts and Crafts) (Nos. 1036, 1039). 

4 

Sub-Sections 3 and 6. Bindings in Cloth and Leather, —The judges regret 
that the designs submitted in these Sections are very weak. None vrere specially 
appropriate for the book specified in the conditions, several were even designed 
for other books. The only design accepted is not considered worthy of any award. 
The design is not definit^y appropriate either to the subject of the book or its 
period : the lettering on the side is weak, and badly placed, and the design of the 
back is without sufficient recognition of technique. 
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Pottery and Glass. 

Sub-Section i, China, —The work in this Section shows considerable im¬ 
provement as compared with that of 1924, though many of the designs indicate 
lack v6f appreciation of material, and are 'impracticable from the manufacturer's 
point of view. 

The judges have much pleasure in awarding a prize of £10 los. and an Owen 
JoneS' Bronze Medal to Thomas William Jones (Stourbridge School of Art) (No. 
512). His design shows that originality and simplicity of treatment which enable 
it to be used for the purpose for which it is intended. Its freshness causes the 
judges to hope that this competitor will be encouraged to persevere in his efforts. 

J he judges appreciate the two sketches of Norman Thomas Stephen Hull (Derby 
ool of Art) (Nos. 701 and 704), and have much pleasure in recommending No. 
701 for a prize of £^ 5s., the desi^ being suitable for the purpose intended. In 
this respect No. 704 fails, for whilst it sjiows originality and good colouring, it» 
is far too elaborate for the process of lithography. 

Miss Vera Huggins (Woolwich Polytechnic) (No. 1062), shows an intelligent 
appreciation of the terms of the competition, and submits a pleasing design, which 
is, however, somewhat lacking in originality. 

The judges are disappointed that the competitors are not drawn from a wider 
area, and more especially from districts where the Potting Industry is carried on. 

Sub-Section 2. Earthenware. On the whole, this Section is disappointing. 
The drawings submitted show the same faults as in Sub-Section i, many of the 
shapes having apparently been designed in entire ignorance of the material to* 
be employed. The competitors have failed to realise the importance of practical 
shapes, especially in the case of the vegetable dishes. The judges have again 
to point out that the decorations are over elaborate, the expense of reproducing 
them being prohibitive. The only design which appeals to the judges and shows 
promise is No. 312, but in this case no design for a vegetable dish has been 
submitted. 

Sub-Section 3. Glass: Wine Glass, Tumbler and Decanter. —^The majority 
of the designs submitted are not up to the judges' expectations, and many of them 
are quite impracticable from a manufacturer's point of view. The designs of Albert 
Elcock (Wordsley Art and Technical Institute) (Nos. 649 to 652 inclusive) are com¬ 
mended for lightness of treatment, especially No. 652. The judges are unable to 
recommend a prize in this section, and suggest that in the future the designs should 
show greater simplicity. 

Sub-Section 4. Glass: Water Jug, Goblet and Salad Bowl, —The only design 
that appeals in any way to the judges is that submitted by Charles Howard Hussel- 
bee (Wordsley Art and Technical Institute) (No. 636), which shows original treat¬ 
ment in the ^ape of the jug. ' / 

Sub-Section 5. Pressed Glass. —^The majority of the designs submitted for 
pressed glass are quite impossible for the purposes intended and show lack of 
knowledge of the processes of manufacture. This applies especially to Nos. 
1056-1059, which are much too elaborate and practically impossible to produce 
in pessed glass. No. 639 appears to be a copy of a fore^ design. Of the two 
ctoidgiis. Nos. 1339 and 1340, the latter wbdki be impossible to reproduce in pressed 
glass. 
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Miscellaneous. 

Posters. Generally speaking, the work in this section was not of a high order. 
Where originality was shown, most of the designs were either commonplace 
or strained after effect in wrong directions. The quality of the drawings, with few 
exceptions, left a great deal to be desired. Designs, relying, as they should do, on 
smart and original ideas, well drawn and carried out with taste and simplicity, 
were few and far between. 

In the Section for a design for a “ Gtft Box for Messrs. A. and F. Pears, the 
character of the designs did not justify awards being granted. 

In the Section for designs for Posters for " Ideal Milk," the Judges very much 
regret that they did not find any which justified the granting of the awards. 
Messrs. Nestles, who had kindly offered the prizes, were anxious that they should 
be apportioned, but notwithstanding this, the Judges decided that it would not be 
right to make awards unless they were of a sufficiently high standard. 

The winning designs in the " Nestl6's Milk " Section stood out as possessing some 
real merit. The one to which the first prize was awarded was well and originally 
treated in colour and design, and fulfilled the requirements of a refined and telling 
Poster. The winning designs in the other Sections also showed considerable 
promise, and deserve high praise. 

It was pleasing to note that some of the younger competitors produced the best 
work, and this should be encouraging to others. 

On the whole, the general tendency was towards improvement, as 
compared with last year's G^mpetition, but it is obvious that Competitors should 
devote their attention to the study of drawing, and endeavour to obtain the right 
atmosphere in the carrying out of their designs. They should CEurefully consider, 
first of all, whether their idea or slogan is likely to sell the article advertised, and, 
secondly, if the illustration is sufficietltty bold in form and colour to command 
attention. 

The judges desire to draw special attention to the success of the Nottingham 
School of Art, the students of which won four of the five prizes awarded for 
posters, as well as the prize offered by the proprietors of the Graphic. In 
addition to this, four of their designs were “Highly Commended," and two 

Commended." 

Posters for the Travelling Scholarship offered by Messrs. Cadbury 

Brothers, Ltd. 

The Cadbury Boumville Travelling Scholarship of is awarded to: 

Miss Ivy Evelyn Norman (Nottingham School of Art) (No. 1643). 

Highly commended : 

Edward Loxton Knight (Nottingham School of Art) (No. 1639). 

Gerald Leake Searson (Nottmgham School of Art) (No. 1649). 

Commended : 

Wilfred Charles Balloch (Nottingham School of Art) (No. 398). 

Miss Aline Dugard (Nottingham School of Art) (No. 1632). 

Posters for Prize Offered by Messrs. Lever Brothers, Ltd 

The prize of £y> is awarded to : 

Alfred Kemp Wiffen (Nottingham School pf Art) (No. 1657). 

Highly commended: 

Albert Edward HaUiwell (Southport Victoria School of Art) (IJo. 1759)- 

Edward Loxton Knight (Nottingham School of Art) (No. 1642). 
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Commended: 

Miss Kathleen Ardem (Sheffield Technical School of Art) (No. 1064). 

Miss Gwynedd Mary Hudson (The Wick Studio, Hove, Sussex) (No. 626). 

Posters for Prizes Offered by Messrs. Nestl^. 

NesU 4 Milk Poster. 

The First Prize of50 is awarded to: 

Miss Aline Dugard (Nottingham School of Art) (No. 1633). 

The Second Prize of £2^ is awarded to; 

Clifford Lee (Sheffield Technical School of Art) (No. 1075). 

The Third Prize of £10 is divided between: 

, Jos^h Whitehead (Hyde School of Art) (No. 667); and 
Alfred Kemp Wiffen (Nottingham School of Art) (No. 1658). 

Highly commended: 

Miss Ivy £vel3m Norman (Nottingham School of Art) (No. 1645). 

Commended: 

Leo Hardy (Sheffield Technical School of Art) (No. 1072). 

Miss Wilma Hickson ( 142, Gower Street, W.C.) (No. 1312). 

Ideal Milk Poster. 

Commended : Wilfred Charles Ballodi (Nottingham School of Art) (No. 1628)* 

Prizes Offered by Messrs. J. S. Fry and Sons. 

Display Box Lid and Label. 

The First Prize of £2^ is divided between; 

Joseph Bentham Jenkinson (Liverpool City School of Art) (No. 341); and 
Miss Bertha Julia Olyett (The Blapk and White Studios, 12*13, Bedford 
Street, Strand, W.C.) (No. 1194). 

A prize of £^ each is awarded to : 

Miss Marjorie Willmott Robinson (Sheffield School of Art) (No. 1086) ; and 
Miss Verna Camidge Stead (Keighley School of Art) (No. 616), 

“ Somerdale ** Wrapper. 

The First Prize of £2$ is divided equally between : 

John Francis Smith (2, Alder Grove, Waterloo, Liverpool) (No. 471); and 
Miss Maeve Wolfe (TTie Poult House, Pitts Wood, Tonbridge, Kent) (No. 
143*). 

A prize of £^ each is awarded to 

Miss Mary Dawson (Keighley School of Art) (No. 613); and 
Miss Enid Gwynedd Stokoe (Croydon School of Art) (No. 1123). 

Prize Offered by the Proprietors of.the "Graphic.** 

Although some of the designs showed considerable merit, the judges could 
have wished for more signs of originality, and they consider that in many cases 
the drawing was very weak. Three of the works submitted showed outstanding 
merit, and in the opinion of the judges the design selected for the prize fulfilled 
the conditions required by the donors. 

A Ftize of £2^ and an Owen Jones Medal is awarded to Alfred Kemp Wiffen 
(Nottingham School of Art) (No. 1659). 

Highly commended: 

\li8S Mary Steveni Lea (Southport Victoria School of Art) (No. 1737)* and 
Amiald Alfred Harrison (Bath Municipal Teclmica] College (Art School) ) 
(No. 426)f. 
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VISIT OF H.M. THE QUEEN. 

The Council have the honour to report that, as in 1924, Her Majesty the 
Queen visited the Society's Exhibition of Industrial Designs at the Victoria 
and Albert Museum, and was graciously pleased to purchase a design for a 
tapestry panel. 


APPENDIX. 


List of Subscribers to the Prize and Schoi.arship Fund. 




£ 

s. 

d. 

Messrs. Tootal Broadhurst Lee Cpjj^.Ltd.,. 

•. .. 

100 

0 

0 

The Federation of Calico Printers 


50 

0 

0 

Messrs. Lever Bros., Ltd. 

• ■ •. 

50 

0 

0 

Messrs. Simpson and Godlee, Ltd. 

• • • • 

50 

0 

0 

Messrs. Waring and Gillow, Ltd. 

.. 

50 

0 

0 

The British Flint Glass Manufacturers' Association ., 

30 

0 

0 

Messrs. Turnbull and Stockdale, Ltd. 

.. • • 

25 

0 

0 

Harold Waring, Esq., C.B.E. 


25 

0 

0 

Messrs. G. P. and J. Baker, Ltd. 


20 

0 

0 

Through John Emsley, Esq., J.P. 

Messrs. J. Emsley and Co., Ltd. 


20 

0 

0 

Messrs. Peel Bros, and Co., Ltd. 


20 

0 

0 

Messrs. John Priestman and Co., Ltd... 


20 

0 

0 

Messrs. John H. Smith and Co„ Ltd. .. 


20 

0 

0 

Messrs. John Speight, Son and Co., Ltd. 


20 

0 

0 

Lord Riddell 


20 

0 

0 

Royal Institute of British Architects 


20 

0 

0 

Sir Frank Warner, K.B.E. 


20 

0 

0 

Bookbinding Section, London Chamber of Commerce .. 

15 15 

0 

Messrs. Brintons, Ltd. 


10 

10 

0 

Messrs. John Brown and Son, Ltd. 


10 

10 

0 

Syndics of the Cambridge University Press 


10 

10 

0 

ITie Carpet Manufacturing Co., Ltd. 


10 

10 

0 

Carpet Trades, Ltd. 


10 

10 

0 

Delegates of the Clarendon PresS’’ ■ 


10 

10 

0 

Messrs. John Crossley and Sons, Ltd. 


10 

10 

0 

Messrs. John Dickinson and Co., Ltd. .. 


10 

10 

0 

The Haberdashers' Company 


10 

10 

0 

Messrs. Hampton and Sons, Ltd. 


10 

10 

0 

Messrs. William Heinemann, Ltd. 


10 

10 

0 

Joiners' Company .. 


lor 10 

0 

Messrs. John Line and Sons, Ltd. 


10 

zo 

0 
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John Murray, Esq., C.V.O. . 

Messrs. William O’Hanlon and Co., Ltd. 

Messrs. Fred Parker and Sons, Ltd. 

Messrs. H. and M. Southwell, Ltd. 

Messrs. Tomkinson and Adam ... 

The Weavers’ Company. 

Messrs. Chatto and Windus ... 

£. Kahn, Esq. . 

Messrs. Longmans, Green and Co.. 

Messrs. Riddick, Stuttart, Ltd. 

Messrs. W. H. Smith and Son 
Messrs. Henry Stone and Son, Ltd. 

Messrs. White, Allom and Co. 

Messrs. Story and Co., Ltd. 

George Barber, Esq. 

Messrs. Boume.and Hollingsworth, Ltd. 

Messrs. Gabe and Pass, Ltd. 

John Gibson, Esq. . 

Mrs. E. Graydon-Bradley . 

Messrs. Heal and Son, Ltd. . 

William Jardine, Esq. 

Messrs. Keeble (1914), Ltd. 

London Cabinet and Upholstery Trades’ Foderation .. 

Messrs. Mander Bros., Ltd. . 

The Medici Society, Ltd. 

Thomas Muddiman, Esq. 

Messrs. Neckwear, Ltd. 

Federation of Lace and Embroidery Employers’ 

Association. 

Federation of Master Printers and Allied Trades 
Messrs. Shuffrey and Co. .. 

Messrs. Stead, McAlpin and Co. 

Messrs. William Thompson and Co., Ltd. 

Paul Waterhouse, Esq., F.S.A., F.R.I.B.A. 

Messrs. Josiah Wedgwood and Sons, Ltd. 

Anonymous. 

Society of Architects . 

Messrs. Blackwood, Morton and Sons, Ltd. 

Idessrs. Crofts and Assinder, Ltd. . 

Edgar Greenwood, Esq. 

Idessrs. Geoti^e G. Harrap and Co., Ltd. 

Messrs. A. W. Hewetson, Ltd. 


£ ». d. 

zo 10 o 
10 10 o 
10 10 0 
10 10 o 
10 10 o 
10 10 o 
10 0 o 

10 O 0 

10 0 o 
10 0 o 
10 0 o 
10 o o 
10 0 0 
660 
550 
550 
550 
550 
550 
550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

550 

500 

500 

500 

500 

500 

500 

500 
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Sir Ernest Hodder-Williams, C.V.O. 

Messrs. A. B. Jones and Sons. 

Messrs. Arthur H. Lee and Sons, Ltd. 

Messrs. R. H. and S. L. Plant, Ltd. 

Percy Scott Worthington, Esq., M.A., F.R.I.B.A. 
Stationers' Company 

Messrs. Bath Artcraft, Ltd. . 

Bath Cabinet Makers' Co., Ltd. 

Messrs. Collins and Hayes 

Empire Bedsteads, Ltd. 

C. Erard, Esq. 

Messrs. H. Herrmann, Ltd. 

Messrs. J. Aynsley and Sons . 

Messrs. J. and W. Bastard . 

Messrs. Beresford and Hicks 

S. D. Bianco, Esq. . 

Messrs. William Birch, Ltd. 

Messrs. A. Cooper and Co... 

The Coventry and District Textile Manufacturers 
Association 

Messrs. Crotty and Polsue . 

R. D. Earle, Esq. 

Messrs. H. S. Fraser, Ltd. 

A. C, Gill, Esq. 

Messrs. Joseph Johnstone, Ltd. 

Messrs. W. Skull and Son, Ltd. .. 

Messrs. H. Wilson and Sons 
Messrs. G. H. and S. Keen 

E. R. Edis, Esq. 

F. W. Atkinson, Esq.. 

A. Barone, Esq. 

C. H. Bowers, Esq. 

Messrs. J. C. H. Brouwers and Son . 

H. Bucknell, Esq. 

Cedric Chivers, Esq. 

The City Cabinet Company . 

H. J. Colclough, Esq. . 

Messrs. Dancer and Heame Bros. . 

Messrs. S. Epstein, Ltd. 

Godfrey Giles, Esq. 

Arthur Keen, Esq., F.R.I.B.A.. 

S. D. Kitson, Esq., F.R.I.B.A. .. 


£ s. d. 

500 

500 

500 

500 

500 

440 

330 

330 

330 

330 

330 

330 

220 

220 

220 

220 

220 

220 


2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 2 
2 o 

I 6 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 
I I 


0 

o 

o 

o 

o 

o 

o 

o 

0 

6 

o 

o 

o 

0 

o 

o 

0 

o 

o 

0 

0 

o 

o 


I I 
I I 
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£ s- d- 

Messrs. J. Osborne and Co. .. .. .. .. i i o 

Professor Beresford Pite, F.R.I.B.A. i i o 

Messrs. W. W. Ratcliff and Co., Ltd. i i o 

C. A. Richter, Esq. . i i‘ o 

Sir G. Gilbert Scott, R.A. iio 

Messrs. I. Sklanowitz .. .... .. .. iio 

B. R. Field, Esq. loo 

The “ X " Chair Patents Co., Ltd. . i o o 

E. Gomme, Esq. .. .. .. .. .. . lo 6 

H. R. Linton, Esq. .. . lo 6 

Messrs. Lotinga Bros. lo 6 

Messrs. D. Burkle and Son .. .. . lo o 

C. Van Doorsselaer, Esq. .' 5 ^ 

Total .£1096 13 o 


NEW TAPESTRIES IN THE VICTORIA AND ALBERT MUSEUM. 

The Trustees of the Bowes Museum at Barnard Castle liave lent to the 
Victoria and Albert Museum, South Kensington, several interesting tapestries. 
The largest is a fragment of the Triumph of Time, a Flemish tapestry 
of the early i6th century one of the famous series inspired by Petrarch's 
allegorical poem I 'Vrionfi, representing the Triumphs of Life, Chastity, Death, 
Fame, Time and Divinity. Tlie Museum possesses three Triumphs—Chastity, 
Death and Fame—and at Hampton Court there are the Triumphs of Death, Fame, 
and Time from another set. The Bowes Museum fragment belongs to a series 
woven for Philip of Cleves (b. 1456, d. 1528) Lord of Ravensteyn and Wijnondael, 
and bears his arms. It differs from the Museum and Hampton Court sets in that 
it lacks the elaborate border with inscriptions. 

The second panel is Brussels work of the later 17th century, and bears the initials 
of the weaver I.D.M., probably the signature of Jan de Melter (d. 1698), who was 
one of the leading weavers at Brussels, and left that city about 1688 to set up 
looms at Lille. The subject, the Crucifixion, is copied from a picture by Vandyck 
in the Vienna Museum. 

The third piece, Roman work of the early i8th century, is a portrait of a Pope, 
probably Clement XL, who established the tapestry looms in the Ospizio di San 
Michele in 1710. 

GENERAL NOTE. 

Discovery of Coal at Mysore.-- -As a result of mining operations conducted loi 
several months in the l^ian state of MysSlti, writes the United States Consul at 
Madras, coal has been di^vered at Kamasamudram, which is 18 miles by rail from 
the railway station known as Bowringpet. The Government of the Mysore State 
wishes to sink a small prospecting shaft and has commissioned a gold mining com¬ 
pany to undertake this work. A new coal mine in South India, if operated success¬ 
fully, will be a great economic asset in the matter of conducting the various Mysore 
gold mines and in supplying the South Indian railways. Local industries, railways, 
and steamers are now largely dependent upon coal which is imported from Bengal, 
and from the Native State of Hyderabad. 
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PROCEEDINGS OF THE SOCIETY. 

DOMINIONS AND COLONIES SECTION. 

Monday, July 27,th, 1925. 

Richard Redmayne, K.C.B., MiSc.rM.Inst.C.E., 

F,G.S., late Chairman-Governor, Imperial Resources Bureau, in the Chair. 

The Chairman, in introducing the reader of the paper (Professor W. A. Parks), 
Pflkl a tribute to the interest which the Royal Society of Arts took in all matters 
which had for their object the development of the economic resources of the Empire. 
Professor Parks was a very well-known geologist, who for thirty years had been 
cqpnected with the Univeraity of Toronto,»and who was now head of the geological 
department of that important University, as well as President of the Royal Society 
of Canada, and President-Elect of the Geological Section of the British Association. 
There was nobody more competent to speak on the very important subject of the 
njineral resources of Ontario, a part of the Empire which at the present time was 
occupying the attention of all the leading.mining and metallurgical experts of the 
Egfipire, of which it was one of the most highly mineralised portions. 

The paper read was :— 

THE MINERAL RESOURCES OF NORTHERN ONTARIO. 

By W. A. Parks, Ph.D., F.R.S.C., F.G.S.A. Professor of Geology, University 

of Toronto. 

The Dominion of Canada extends in longitude about 3,500 miles and in 
latitude more than 1,400 miles. The estimated area is 3,603,910 square miles. 

The structural basement of this great atea is the continental mass of pre^- 
Cumbrian rocks. On this basement later marine strata have been deposited 
by successive invasions of the seas throughout the geological ages. Sma]} 
g|eas of the ancient complex, in the Cdftiilfefan and Appalachian regions, ans 
s^ill uncovered by later strata, but the greatest area of exposed pre-Cambriajtt 
rpeks lies in the form of a great V arouiia Hud^n Bay. This region has bet^ 
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variously named, the Archaean V, the pre-Cambrian axis, the Laurentian 
peneplain, the Continental protaxis, and the Canadian Shield. The area of 
the Shield in Canada is about 1,900,000 square miles or more than half the 
extent of the whole Dominion. 

Before considering the mineral resources of this great area it is advisable to 
present in outline the general geology of the Canadian Shield and, also, to draw 
attention to certain superficial conditions that seriously affect the discovery 
and winning of ores. 

Since the days of the pioneer Canadian geologist, Sir William Logan, the 
classification of the complicated pre-Cambrian formations has engaged the 
attention of Canadian geologists, and not yet has unanimity of opinion been 
attained. ♦ 

It is now generally admitted that two major periods of immense duration 
can be recognised. The earlier of these, sometimes called the pre-Huronian, 
was a time of tremendous volcanic activity, at least in the southern part of the 
Shield, resulting in the formation of tens of thousands of feet of lavas and other 
igneous rocks (Keewatin) associated with clastic sediments—conglomerates, 
greywackes, etc., These sedimentary masses are sometimes of considerable 
area with lengths up to 100 miles and thicknesses of several thousand feet. 
Their relationships with the volcanic Keewatin are difficult to ascertain: in 
some cases they seem to alternate with Keewatin rocks, in others they are mpre 
distinctly later. Various names have been given to these sedimentary forma¬ 
tions, chiefly on account of geographical isolation, e,g., Dord, Misi, Sudbury, 
Timiskaming, Coutchiching. 

During pre-Huronian time mountain-building forces were at work, great 
ranges were formed, and enormous batholiths of granite-gneiss were intruded 
.into the Keewatin volcanics and associated sedimentaries. It is fairly well 
established that at least two distinct periods of mountain-building and batho- 
lithic intrusion disturbed the continuity of conditions in pre-Huronian time. 
The earlier granites and gneisses are usually called Laurentian, and the later 
Algoman. At one time Canadian geologists were rather dogmatic regarding 
two distinct periods of granitic intrusion. At present it is recognised that only 
in exceptional cases can these granites be differentiated in the field and that 
periods of intrusion other than Laurentian and Algoman may have occurred. 
It would appear, also, that in the differentiation of the granites there is a ques¬ 
tion of extreme importance to the gold-mining industry, as it is known that 
Algoman granite is responsible for the great gold deposits whereas gold is not 
known to have accompanied the Laurentian batholiths. Perhaps the method 
of determinmg the age of rocks by means of the radio-active minerals will 
eventually enable us to differentiate the pre-Huronian batholiths with certainty. 

These earlier pre-Cambrian (pre-Huronian) rocks contain nearly all the gold, 
most of the.iron, and some of the copper of the Canadian Shield. 

FoUowmg the last batholithic intrusion of granite-gneiss came a long-con 
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tinned and profound erosion whereby the great batholiths were exposed and 
"wom down to their cores, leaving the Keewatin and associated rocks as mere 
f remnants in the immense areas of granite-gneiss. 

Following this long period of erosion came the later pre-Cambrian or Huronian 
.k time of sedimentation and of volcanic activity, particularly towards its close. 
"Oreat diversity of opinion exists as to the nomenclature of the formations. 
-Avoiding a discussion of this matter I shall content myself with introducing the 
classification approved by Dr, W. H. Collins, Director of the Geological Survey 
•of Canada. 

TABLE I. 

SUBDIVISIONS OF THE UPPER PRE-CAMBRIAN. 

Canada. United States. 


Huronian. 

Keweenawan ; erosion remnants of con¬ 
glomerate. sandstone, and volcanic 
flows; siUs and. dykes.of diabase 
and norite ; batholithic intrusions 
of granite {Killamey). 

. Animilde {Whitewater); a series of con¬ 
glomerate, volcanic luff, carbon¬ 
aceous slate, and sandstone, 7,500 
feet thick, 

• Cobalt; a series consisting basally of 
boulder conglomerate and other 
materials, probably of glacial origin, 
overlain by quartzite and calcareous 
quartzite, about 12,000 feet thick. 

'Bruce; a series of conglomerates, 
quartzites and impure dolomitic 
limestone, 2,700-12,000 feet thick, 
resting in profound unconformity 
upon an older basement called the 
pre-Huronian. 


Algonklan. 

Keweenawan; a series of conglo¬ 
merate, sandstone and volcanic 
flows 48,000 feet thick ; dykes and 
sills of diabase ; batholithic 
intrusion of granite (Presquisle, 
etc.) 

Upper Huronian; a series of con 
glomerate, slate, quartzite, and 
iron-formation, 2,000-12,000 feet 
thick, with associated basic lavas. 

Middle Huronian; a series of con¬ 
glomerate, quartzite, slate and 
iron-formation, about 3,000 feet 
thick, with which are associated 
basic lavas. 

Lower Hilronian; a series of con¬ 
glomerate, impure dolomitic lime¬ 
stone, quartzite, and slate, about 
2,500 feet thick, resting in pro¬ 
found unconformity upon an older 
basement called the Archxan. 


It will be noted that the three lower divisions consist essentially of sedi¬ 
ments but that the upper or Keweenawan is characterised by “ sills and dykes 
‘ of diabase and norite." We have learned to regard these eruptives as the source 
•^of the native copper of Michigan and,the north shore of Lake Superior, of the 
' nickel and copper ores of Sudbury, and of the silver mid cobalt ores of the 
Cobalt district. 

These Huronian rocks are disposed in relatively small areas over the Canadian 
" Shield. Together with the early pre-Cambrian they form probably rather more 
than:twelve per cent, of the total area of the Shield*, i.e., they cover about 

must disclaim responsibility for this statement; it is a rough estimate 
^hich4 cannot at ptesent verify. 
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230,000 to 250,000 square miles. Thfecxtent Mdll doubtless be increased by ther 
discovery of new patches in the little-explored regions of the far north. All the- 
rest of the immense area of the Canadian Shield, as far as is known, is composed 
of granite-gneiss which, hitherto, has yielded no valuable metallic ores although 
it is believed that the Algoman granite^ is the source of the gold, but only in 
apophyses cutting the older rocks. 

We are justified in regarding most of this 250/xx) square miles as legitimate 
ground for the activities of the prospector. It is necessary, however, to point 
out that this area is somewhat reduced by the wonderful profusion of lakes and 
of the characteristic Canadian muskegs*'. The glaciers of the Ice Age passed 
over a region already profoundly eroded, reduced the hills still further, and 
blocked the old lines of drainage with debris. On the advent of present climatic 
conditions there were no established drainage systems, the. water filled the 
depressions and spilled over in successive cascades to lower and lower levels 
Thus arose the innumerable lakes and the rivers with their calm stretches and 
sharp waterfalls. 

This extraordinary system of waterways makes it possible to reach any poir.t 
in the Shield. I wiU engage to go alone with the aid of a two-fathom canoe to 
any designated point in Northern Ontario. The blocked drainage, together 
with a generous rainfall, has stimulated the growth of vegetation over the whole 
of the Ontario part of the Shield. This circumstance adds greatly to the 
difficulty of prospecting and materially reduces the area immediately available. 

Differential erosion is a factor not to be disregarded in estimating the possible 
mineral resources of this region. ih;e-glacial, glacial, and post-glacial erosion 
have combined to attack the softer rpcks and the weakened lines of contact 
in which the metallic ores are chiefly contained, leaving the harder, unproductive 
elements of the complex to constitute the accessible hills. I am averse to 
unjustifiable optimism and visionary conclusions but I am assured that we 
have in this factor of differential erosion a real element to modify our views, 
and I believe that the intensive prospecting of the future will reveal under the 
muskegs and lakes and in the clay-filled valleys a mineral wealth far in excess 
of that disclosed by the bare and rocky hills. 

In these preliminary remarks it has been necessary to speak of the Shield 
as a whole, for Ontario is only a political division defined both to the east and 
to the west by imaginary lines not defermined by geological or topographical 
features. . ^ 

Northern Ontario is commonly reg^rae 4 ^ region north of Lake Nipissing, 
the French river and the upper Gpeat Lakes. All this area is composed of 
pre-Cambiian rocks with the exception of aSout 100,000 square miles in the 
Pakeozoic coastal plain south-west of ^ames Bay. 

Whether as a matter of fact or becau^ tl^ region is better known the area of 
rock other than granite and gneiss is niore than our rough estimate of twelve 
per cent, for the whqle Shield; it is possibly as great as twenty or even twenty- 
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five per cent, but I have no means of giving a definite figure with assurance. 

It is probable that the total area of Northern Ontario’s pre-Cambrian rocks 
is about 260,000 square miles ; allowing twenty per cent, for the area of pro¬ 
ductive rocks we have a legitimate prospecting ground of 52,000 square miles, 
subject to the limitations already stated. 

The metals derived from these areas, arranged in order of value of total 
production to the end of 1924 are as follows :—* 


Silver . $234,418,000 

Nickel . $197,600,000 

Gold . $154,419,000 

Iron . $ 85,293,000 

Copper .♦.. $ 68,108,000 

Cobalt . $ 13,725,000 


Other metals (platinum metals, lead, 


zinc, etc.) 


$ 17,725,000 


$771,485,000 

I now propose to review in the briefest possible manner the above metals in 
the order shown in the table and to supplement that review by a short n'ference 
to the non-metals and to general conditions. 


SILVER. 

Silver mining in Ontario dates back to 1868 when a vein carrying native 
silver was discovered on a tiny island off the shore of Thunder Capt*, Lake 
Superior. From the mine eventually opened (Silver Islet Mine) about 3,000,000 
ounces of silver were recovered. 

Naturally, the surrounding territory was prospected and numerous veins were 
found. None of these proved as rich as the Silver Islet vein, but between the 
years 1868 and 1885 they added an output of 1,000,000 fine ounces making the 
total production from the area 4,000,000 ounces of silver. 

The native silver in this area occurs in veins cutting Animikie rocks and, 
undoubtedly, it was derived from the Keweenawan eruptives. The veins carry 
a little cobalt and nickel thus showing a resemblance to those of the great 
Cobalt field farther east, and suggesting a comparison as to genesis with the 
deposits of the Sudbury nickel area. 

All the mines in the Thunder Bay district have long since been abandoned ; 
despite recent attempts to rework some of them there has been no recorded 
production. It is generally felt, however, that the possibilities of the district 
are by no means exhausted. 

It is to north-eastern Ontario, however, that one must look for the develop¬ 
ment of a great silver mining industry in the province. Here lies the famous 

•These figures refer to the whole of Ontario. 
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Cobalt area and the lesser but still important areas of South Lorraine, Gow- 
ganda and Elk Lake. 

In this region basic igneous rocks of Keweenawan age have penetrated the 
older schists and sedimentaries, particularly those known as the Cobalt series 
consisting of conglomerates, grits, greywackds, etc.. In the fractures in the 
surrounding rocks, and to some extent in the eruptives themselves, veins have 
been formed by emanations from the cooling igneous matter. These veins, 
chiefly with a calcite gangue, contain native silver and smaltite in particular ; 
but many silver, cobalt, and nickel compounds with sulphur and arsenic occur 
as well. 

The original discovery was made in 1903 during the construction of the 
Timiskaming and Northern Ontario railway. In 1904 prospectors began to 
flock to the field but many of them left in disappointment; long before the 
greater discoveries were made. The veins, while extraordinarily rich, are of 
necessity small and not easily found in a region well covered with vegetation 
and with a considerable mantle of soil. The eventual development was spec¬ 
tacular and the recovery of silver so great that the Cobalt area became the 
leading silver producing district of the world. Ores running as high as 12,000 
ounces to the ton were rapidly mined and the peak of production was attained 
in 1911 with an output of 31,507,791 fine ounces valued at $15,953,847. In 
1912 the output was slightly less in quantity but greater in value owing to an 
increase in the market price of silver—$17,408,935. 

Since the time of maximum output there has been a falling-off in production 
and leaner ores are being worked but the camp is far from exhausted as the 
figures in Table II indicate. 

The total production from the Cobalt camp to the end of 1924, in round 
numbers, is 350,060,000 fine ounces of silver and there has been paid to share¬ 
holders in dividends and bonuses $91,288,081. 

The falling-off of production at Cobalt has been compensated in part by the 
increased output from South Lorraine. The workings in the township of Casey 
have been closed and the production from Gowganda is declining. One would 
be foolishly optimistic not to recognise the fact that the production from the 
veins at present known is declining, but he would be equally pessimistic to 
conclude that no further veins will be found in the c^imp or that no other area 
of cobalt-silver veins will be found. The revival in South Lorraine and the 
discovery of very rich veins in a regioii thought to have been exhausted is in 
evidence. I am glad to be able to stafe that stiU further rich veins have been 
located in South Lorraine, since the Itet official reports were published, also, 
that in Cobalt proper new veins have befeft discovered within the last few months. 
There is an assured output from the Cobalt field for many years to come. 

With regard to the possibility of di^velopment in other areas, I need only 
tate that similar eruptives with the characteristic streaks and stains of cobalt 
bloom are known in other districts. There is no apparent geological reason 
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why these similar rocks, occurring undeir similar conditions, should not carry 
silver. The discovery of another Cobalt would be no surprise to me, should such 
discovery be made I hope that the British investor will not allow all the prizes 
to go to New York. 

TAPLErai. 

SHIPMENTS OF SII.VER FROM THE COBALT CAMP. 


Average 


Silver Shipments in Troy Ounces 1904-1924. 


Year 

' price, 
cents 

1 per 

1 ounce 
(New 

Total 

Cobalt 

Casey 

South 

Gowganda 

Mon¬ 
treal 
j River 

1 and 

1904 

York) 

Ounces 

206,875 

200,875 

Town¬ 

ship 

Lorrain 


Maple 
' Moun- 
1 tain 

**>05 

^>0.352 

2 , 45 i. 35 ‘> 

2.451..356 

--- 

- - 

— 


1900 

06.791 

5,401,766 

5,401.700 .* 

— 

— 

— 


1907 

<> 5-^37 

10.023.311 

10.023,311 

-— 

— 

— 

— 

i<io8 

52.864 

19.437.875 

19,424,251 

500 

. 13.124 

— 

— 

1909 

51*502 


25,658,683 

26,185 

194.955 

— 

18,002 

1910 

. 53 -486 

,30.945.181 

! 29,849,981 

..i ^^'544 
14.789 

221.133 

471,688 

9.835 

1911 

53*340 1 

3L507.791 

29,989.893 

933.912 

468,687 

510 

l<)i2 

(x ).835 

30.243.859 

28,605,940 . • 

; 253.824 

834,119 

549,976 

■ — 

1913 

57*791 

29,681,975 

28,105,505 

825,108 

248,992 

502,370 

— 

1914 

54.811 

25,162,841 

24.155.099 

499.643 

108,199 ' 

399.300 

— 

1915 

49.684 

24.746.534 

24,280,366 . 

223.939 

— 

242,229 

■— 

I9IO 

05.661 

19.915.090 

19,008,517 

445.900 

77,280 

383.393 


1917 

81.417 

19,401,893 

18.327.258 


10,000 

72.188 

1,064,635 

— 

1918 

96.772 

17,061,694 

16,807,407 , 

143.901 

638,198 

1 _ 

1919 

111.122 

11,214.317 1 

10,314,089 

171,278 ! 

1 4.586 

723.764 


19^0 ' 

100.900 

10,845,436 

10,402,249 

— 

8.253 

433.352 

! 1,582 

19^21 

02.654 

8,261,931 1 

7,673.535 

I,IOI i 

1 328,886 

258,292 

117 

1922 ' 

07.521. 

10.695,133 

9.235.147 ; 

1,028 , 

, 1,284,307 

170.651 

— 

19-13 

1 ‘>4-873 

10.493.097 

7.375.469 

,—, 1 

2.955.646 

160,761 

1 1.221 


Total 

343.895.780 

\ 327.175.998 : 

2.943.641 

- 7.295.580 

6,467,296 

j 13.265 

1924* 

66.781 
' 1 

9.623,576 

6,39-2.460. L 

1 _ j 

2,633,058 

598,038 

1 __ 


♦Preliminary figures. 

NICKEL. 

(With cop^r in part). 

i 

In the region north of Sudbury a great sill of Keweenawan eruptive was 
forced in between Animikie sediments and the older rocks. This sill has 
assumed a boat-shaped form with a length of about 40 miles and a width of 
somewhat more than 15 miles. In coq}ing, the molten mass first gave rise to 
the ores—chalcopyrite and nickelifer4ai^ .pyrrhotite—^which settled to the 
bottom. Further cooling resulted in the making of a rock of basic composition 
—norite; finally the more acid residuum consolidated as micro-pegmatite. 
Owing to the curvature of the sill into a boat-shaped form, the bottom is evidently 
the outside on the horizontal plane of the earth's surface. 
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Valuable deposits of nickel-copper ores, some of them of tremendous size, 
have been found at various points along this outer margin of the eruptive. 
Theoretically there should be a continuous band of ore, but Nature has not been 
so prodigal or we have not been able to establish the actual continuity. On 
the other hand, so great a number of occurrences have been found, all along the 
lines indicated, that we arc justified in placing reliance in the theory, and we may 
reasonably hope for many future discoveries by diamond drilling or other means 
of intensive prospecting in the regions where the contact of the eruptive with 
the adjacent rocks is now masked or otherwise made inaccessible. 

The first discovery in the Sudbury district was made in 1883 at the point 
where the main line of the Canadian Pacific railway crosses the basic edge of the 
eruptive. The deposit there located was exploited by H. H. Vivian ajid 
Company as the Murray mine. It is much to be regretted, that this deposit 
is of low grade compared with many others in the Sudbury field, a circumstance 
which compelled the cessation of operations in 1894 that had a very bad effect 
on the industry at that time. To-^ay the lower grade ores can be treated 
profitably; they are even in demand for making mixtures for metallurgical 
purposes; in consequence, the Murray deposit has been investigated by dia¬ 
mond drilling and the presence of 4,000,000 tons of ore revealed. 

The Canadian Copper Company was a pioneer in the district operating at 
first the Copper Cliff, Evans, and Stbbie mines. About in 1900 work began on 
the great Creighton mine which has dominated the situation from that time 
to the present. In 1902, the Canadian Copper Company became part of the 
International Nickel Company an organisation embracing many interests and 
now one of the two great producers of the district. 

The Mond Nickel Company was formed in igoo and has just celebrated its 
25th birthday by a dinner in London at which I had the honour to be present. 
The early vicissitudes and eventual triumph of this company is an industrial 
romance ably outlined by Sir Alfred^Mond on that occasion. 

Besides the two great corporations mentioned above, smaller companies 
have operated with varying success. The chief of these was the British 
America Nickel Corporation which went into liquidation in July, 1924. This 
failure was in no way due to any fault in the mine or in the smelting plant; it 
is attributed to the action of the two greater companies in reducing the price 
of nickel in order to stimulate its further use in the arts. 

The production from the Sudbury district for the past four years and for the 
two previous intervals of five years'is^^ovm in table III. 

The total production of nickel frokii' 1889 to the end of 1924 was 508*734 
short tons, and of copper (i886-i924)[ ^78,380 short tons. The district now 
produces 90 per cent, of the world's nibkel. Immense reserves of ore are posi¬ 
tively known by diamcoid drilling. the» Creighton mine alone, above the 2,000 
foot level has a proved reserve of xo,<doo,ooo tons, and Dr. C. V. Corless has 
stated before this Society that the presence of no less than 100,000,000 tons 
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TAPLF^.^ Ill. 

NICKEL-COPPER MINING AND SMELTING. 


Schedule. 

1913 ' 

1918 ■' 1 

1921 

1922 

1923 

1924 

Ore raised .tons 

784.697 

1,643,049. 

.262,593 

2.59,569 

I.'87,354 

1,41 i,g8o 

Ore smelted. ,, 

Bessemer matte 

8*3.403 

• 

L 559 . 892 j 

393.768 

3 ^ 4.^20 

i,i4o,i(x> 

1,308,694 

produced. ,, 

47.>50 

87,184 

19,498 

17.324 

58,084 

65 ,<J 43 

Nickel content 







of matte . ,, 

i 24.838 

45.886. 

9,128 i 

8,678 

31.029 i 

34.638 

Copper content 


-3.843! 



1 

1 


of matte .. 

12,938 1 

6,3*3 

5.422 > 

1 15,769 

! 18,490 

Matte exported ... ,, 
•Matte refined 

““ 

1 

10,466 

1 19.831 

21.450 I 

26,565 

in Canada ... ,. 

— 

5.3341 

5.538 

10,340 

31.765 

37.613 


•Refining in Canada began at Pori Colbornc, Ontario, in 1918, and at Deschcncs, 
Quebec, in 1920. 


has been definitely revealed by diamond drilling throughout the district. 

The nickel industry is now far past^the speculative stage and has become a 
settled business. With more and mpre uses for nickel being found, a still 
greater demand for the metal is to be anticipated—a demand which the Sudbury 
nickel field can undoubtedly meet. 

I recall the early days of Sudbury and the difficulties of that time. I first 
went to Sudbury in 1892 as chemist.,to the old Chicago mine and for a short 
time afterwards served the Canadian Copper Company in a similar capacity. 
The use of nickel in steel but recently had been discovered and this use constitu¬ 
ted practically the only application of the metal. The production bid fair to 
swamp the market and little or no money was available for development. 
Prosectors and small owners flocked to New York for capital and frequently 
returned empty handed. The closing, of ;the Murray mine in 1894 was a severe 
blow to the district, but the entry of.;t^Q.Mond Nickel Company in 1900 and 
the consolidation of interests in the International Nickel Company in 1902 
placed the industry on a firm financial basis. The problem to-day is not .so 
much the location of further ore bodies as the creation of a market for the 
immense quantities of metal that thp deposits now known are ca]mble of 
producing. ^ 

Great advances have been made in .the treatment of the ores. Hand sorting 
and roasting in heaps is being replcyc^d Jby magnetic sorting, flotation of low 
grade, and roasting in Dwight Lloyd 4 iir»aces. The Mond Company has now 
four of these furnaces each capable ofrh^lidling loo tons a day ; it has solved 
the problem of magnetic sorting, and pj®ppses to instal an acid-recovery plant 
at Coniston. The International Nickel Company has made an exhaustive 
examination of the old Frood mine andds erecting a pilot mill in order to work 
out a suitable system for,the treatment of the immense quantity of low grade 
ore. 
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GOLD. 

Gold was first discovered in Ontario at the Richardson location north of 
Belleville in 1866 ; in Northern Ontario it was first found in 1871 at the Huro 
nian mine. Then followed discoveries in the Lake-of-the-Woods region, at 
various points north of Lake Superior, and generally throughout the Keewatin 
areas of the western part of Northern Ontario. Boom followed boom and poor 
judgment seconded by extravagance resulted in the closing of all the western 
gold mines after a considerable production had been recorded. About in 1905 
north-eastern Ontario began to attract, attention as a gold field and there has 
developed a gold mining industry that puts Ontario among the leading gold 
producing countries of the world. . 

The general dissemination of gold in Northern Ontario is indicated by thfe 
fact that at least 23 more or less distinct areas are recorded by Hopkins in his 
treatise on Ontario Gold Deposits (Ontario Department of Mines, Vol. XXX, 
Pt. II., 1921). These areas are scattered with fair uniformity from the Quebec 
boundary to the Manitoba line. This general occurrence of gold together with 
the occasional discovery of pockets of extraordinary richness has been a fertile 
encouragement too often leading to disastrous results. Ontario gold-mining 
projects acquired a bad name, the whole district was condemned, but the 
fallacy of the conclusion is seen in the fact that Ontario now ranks high among 
the gold-producing countries of the world. Faith in the western mines is still 
to be found, money is forthcoming to open some of the old mines in the Lake-of- 
the-Woods district, and a shaft is being sunk to test the Red Rock property 
in the Wahnapitae camp. Thirty years ago I saw masses of quartz from this 
region that could not be smashed by sledge hammer owing to the content of 
gold. 

The gold deposits of Ontario seem to be genetically related to intrusive rocks 
varying in age from Keewatin to Keweenawan, but it is now believed that all 
the great deposits are associated with Algoman granite or porphyry where 
these rocks have penetrated the pre-Huronian complex, particularly the 
Keewatin basalt schists and the Timiskaming sediments. 

The now famous eastern gold areas lie along two main belts in which the 
conditions are somewhat different but in both of which the gold occurs in 
association with Algoman intrusives. The northern belt is dominated by the 
Porcupine group and the southern by the Kirkland Lake. The production 
recorded from these two groups to the end of 1924 is shown in Table IV. 

In 1924 the mines of the Porcupine group (chiefly five) produced gold to the 
value of $22,266,894, the total production of the field to that date being 
$136,459,187 (from 1910). In the Kirkland Lake area, in 1924, six mines 
produced $3i593433 in gold, the total production since 1913 being $i4,o85,272.* 

* Some disparity in figures may be noted; this is due to exchange and to 
value of silver in the gold. 



duo. ti. i 925 . JOURNAL OF THE ROYAL SOCIETY OF ARTS. 908 


TABLE IV. 

GOLD PRODUCTION OF ONTARIO. 


Year. 

Total 

Production. 

$ 

Porcupine. 

Kirkland Lake. 


Per cent. 

S 

Per cent. 

i800>i89i 

190,258 

— 

— 

— 


1S92-1909 

2.509.492 

— 

— 

— 


1910 

68,498 

35.539 

51.8 

— 

— 

1911 

42.637 

*3.437 

36.2 

— 

-- 

1912 

2,114,086 

1.730,628 

81.8 

— 


1913 

4.338.3*8 

4,294.113 

94.1 

65,260 

1.2 

1914 

5 . 544.979 

5.206,006 

93-8 

114.154 

2.0 

1915 

8.501.391 

7,462,111 

88.6 

53 *.o 69 

6.5 

1916 

10,339.259 

9 , 39 *. 4 o 8 

90.8 

• 702.761 

6.8 

1917 

8.698,735 

8,229.744 1 

94-5 

404.346 j 

4.6 

1918 

8,502,480 

7.767.907 

91.4 1 

632,007 

7-4 

1919 

10,451,709 

9.941.803 

951 

486,809 

4*7 

1920 

11.686,043 

10.597.572 

90.7 

*.033.478 

8.8 

1921 

14.692.357 

13.103.526. 

89.5 

1,524,85* 

10.4 

1922 

20,579.569 

18,374.658 

89.3 

2 .* 59 , 58 * 

10.5 

1923 

20,136,287 

17.313.115 

85.9 

2.647,630 

! 13.1 

1924 

25,669,262 

22.135.534 

86.2 

3,446,632 

1 13*4 

Total* 

*34.285,560 

* 33 . 399 ,*ot' 

87.8 

*3.768,578 

i 8.9 


’‘PreliTrinary ficii^rs. 


In the Porcupine field, in 1924, 2,642,113 tons of ore were milled and in the 
Kirkland Lake field 225,571 tons. With 8,000 to 8,500 tons a day being milled 
in the Porcupine field the disposal of the slimes is becoming a matter of diffi¬ 
culty as all the available hollows have been filled. 

The first three months of 1925 show a substantial progress and a new record 
for gold production in Ontario. It is officially stated that $6,949,636 was 
produced as against $5,735,882 for the corresponding period of 1924. Six 
mines at Porcupine and five at Kirkland lake contributed to this result, adding 
the gold recovered from the nickel copper ores, Ontario has a record of $6,992,533 
for the first three months of 1925. 

Five companies with a total capitalization of $40,000,00^ paid during 1924 
dividends to the amount of $6,465,043 ; in all, to the end of 1924, $38,853,911. 

The Hollinger mine alone has produced nearly $84,000,000, the Dome 
$27,000,000, and the Mclntjo’e $20,900,000. The first-named is one of the 
world's greatest gold mines with ore blocked out above the 3,000 foot level to 
the value of $450,000,000 (;f 100,000,000). In this mine as in others in the group 
the walls are self supporting, there is no rise in temperature with depth (47° 
in summer, 42'® in winter), there is no more water than just enough to keep down 
the dust, and no difficulties of ventilation have been experienced. 

It is somewhat surprising that the extraordinary richness of this gold-field 
is not more generally known. Writing in 1923, Mr. J. M. Keynes states “ A 
quarter of a century has passed since the discovery of an important deposit 
(gold)."* 

* John Maynard Keynes: A tract on Monetary Reform, p. 165, 1923. 
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IRON. 

The pre-Cambrian rock.s of Wisconsin, Minne.sota and Michigan have 5delded 
iron ores of the highest grade in phenomenal quantity and with comparatively 
little difficulty in mining. These ores occur at various levels in the pre-Cam¬ 
brian complex—from the Keewatin to, the Animikie. Roughly speaking the 
great ore bodies are all due to secondary concentration of iron derived from 
original ferruginous sediments which constitute the “ iron bands'*: 

Naturally the hope has long been entertained that similar ore bodies would 
be found in the far greater areas of similar rocks in Canada. Iron-band rocks 
have been traced for miles, in great arcs, from the Lake-of-the-Woods to the 
Quebec boundary, and diamond drilling has been resorted to in attempts to 
locate concentrated ore masses of size; hitherto, however, no pennanerft 
succe.ss has been achieved. 

The Animikie rocks, the greatest producers in the United States, occur under 
seemingly similar conditions in the Pogt Arthur district of Ontario. It seems 
unlikely that these rocks are devoid of commercial deposits of iron ore. Recent 
explorations are strengthening this belief and much attention is now' being 
directed to the region with confidence that workable deposits will yet be 
unearthed. 

Most of the Ontario iron bands are located in the Keewatin rocks and many 
discoveries of iron ore have been made. In all cases, however, the ore has 
proved to be of low grade or to occur in quantities too small to justify the 
establishment of a permanent mining industry. 

Despite the failure to date of largCj. high gra’de deposits, iron ore has been 
raised in considerable amount. The Helen and Magpie mines of the Michi- 
picoten district yielded about 4,000,000 tons of high-grade ore, and diamond 
drilling in their vicinity has revealed masses of low-grade carbonate ores 
measurable in hundreds of millions pf tons. These carbonate ores can be 
bencficiated by sintering but attempts apply this- process at the Magpie 
mine have not met with success. « 

The Moose Mountain mine near Sellwood in the Sudbury district is another 
example of very extensive but low grade deposits ; the ore bodies have a super¬ 
ficial extent of more than 3,000,000 square feet and are estimated to contain 
38,655,000 tons of ore for each 100 feet o/.depth. The raw ore, while variable, 
consists of grains of magnetite scattered through rock matter ; it averages less 
than 40 per cent, in iron and more than 46 per cent, in silica, but sulphur and 
phosphorus are both low. jn . 

Beneficiating is necessary to put these ores on the market; briquetting has 
been tried and thousands of tons have been shipped but a permanent success 
has not been attained. 

The reason for the apparent failure in both the Michipicoten and the Moose 
Mountain areas is evident; the cheaply^nined, high grade American ores render 
impossible at present the exploitation of low grade deposits yielding ores 
fegumng beneficiation. 
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The location of high grade secondary deposits along the iron bands is a matter 
of much difficulty ; exposed ores are weathered away and, if such occur, they 
are buried under lakes and muskegs ; unexposed ore bodies can be located 
only by means of diamond drilling. It required a long time and many failures 
to lead to the discovery of the remarkable gold deposits. It is not unlikely 
that the development of iron mining will show a similar history, in any event 
we are looking with confidence to the eventual discovery of large bodies of high 
grade iron ores. Even should such bodies never be located, the great masses 
of low grade ore are an asset which the eventual depletion of the Lake Superior 
ores will in time make valuable. 

The Government of Ontario recently appointed a commission to inquire into 
the iron ore situation ; as a result of its report an Act has been passed 
authorizing the pa3mient of a bonus of one cent per unit of iron on ore raised 
in Ontario. This action of the Government indicates the confidence that is 
generally felt in the future of the iron-mirting industry in Ontario. 

In connexion with the metallurgy of iron it is interesting to note that the 
Miner Branch at Ottawa is inve.stigating methods of producing metallic iron 
by electrolysis of pyrrhotite and pyrite H?>res. 

COPPER. 

The actual production of copper at the present time is confined to that of the 
Sudbury nickel-copper ores already referred to. Copper ores, however, are 
widely scattered in the mineral areas Of the Canadian Shield. Small quartz 
veins carrying chalcopyrite are common and greater veins were formerly mined 
on the north shore of Lake Huron. It is thought that with the opening up of 
the country many of these small deposits could be worked to advantage by 
shipping the ore to custom smelters established at favourable points. 

It is to be remembered, also, that the formation yielding the native copper of 
Keweenaw point in Michigan extends ittto Ontario and that native copper is 
known on Isle Royale, on Michipicoten Island, and at points along the north 
shore of Lake Superior. One need not be unduly optimistic to predict that 
workable deposits of native copper will yet be located in this district. 

COBALT. 

i 

(and A^nic). 

The ores of the Cobalt district, while mined primarily for silver, yield large 
quantities of cobalt and arsenic. In the early days of hand-picked silver these 
substances were regarded as a nuisance,‘‘but they are. now systematically 
recovered at plants situated at Thorold and at Deloro in southern Ontario. 

Cobalt is ejtported as metal, as oxidei and in the form of various salts. In 
1924, the value t)! cobalt products was /11,421,827 and of arsenic white 
$309,108. 
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In this connexion it might be mentioned, also, that there was in 1924 a 
recovery of bismuth from the Cobalt ores to the value of $16,079. 

LEAD, 

Small veins with scattered crystals of galena are not uncommon throughout 
the mineral districts of Northern Ontario but no real production of lead has been 
recorded. It is interesting to note however, that the old Victory mine near 
Garden river is now being reopened and a campaign of diamond drilling planned 
to ascertain the size and nature of the ore body. 

On the Quebec side of Lake Timiskaming highly argentiferous galena occurs 
and a lead mine is being profitably worked at Galetta in southern Ontario. 
Northern Ontario is not devoid of possibilities as a producer of lead. The sam^^ 
may be said of zinc, for mines have actually been worked fo» this metal bu; 
widiout great success. 

METALS OF THE PLATINUM GROUP. 

It has long been known that the nickel-copper ores of Sudbury contain small 
amounts of gold, silver, platinum, palladium, rhodium, ruthenium, and iridium. 
In the early days of the industry these metals were not separated from the 
copper and nickel, but modem metallurgical methods permit their recovery, 
particularly the electrolytic methods and that of the Mond Nickel Company. 

The production from the Sudbury field during the past five years is indicated 
in the following table:— 

TABIE V. 


PRODUCTION OF PRECIOUS AND RARE METALS FROM THE SUDBURY 
FIELD FOR A PERIOD OF FIVE YEARS. 



1920 

1921 

1922 

1923 

1924 


Ounces. 

Ounces. 

Ounces. 

Ounces. 

Ounces. 

Value 3 

I. ‘Gold 

1,261 

4,537 

2,094 

3,574 

100,982 

4,125 

84,646 

2. Silver 

119.839 

50,341 

50,239 

122,889 

81,843 

3. Platinum 

8.345 

5,412 

4,802 

6,810 

9.181 

1,069,201 

4. Palladium 

3. Rhodium, 
Ruthenium 

10,199 

7,729 

6,862 

8.511 

8.9*3 

771,176 

Osmium and 







Iridium 

522 

277 

124 

304 

593 

51,120 

Total 

Platinum 


i 





Metals 

19,066 

13.814 

11,788 

15.8*5 

18,697 

1,891,497 


^Includes small recoveries of group 5 by the Mond Nickel Co. 


As the world's production of these m^als (exclusive of gold and silver) in 
1921 is given as 52,605 ounces, Ontario's contribution of 18,697 ounces in 1924 
should raise her to third, if not to second place, among the world's producers. 
In 1921 Colombia produced 31,220 ounces, Russia 18,180 ounces, Australia 
1,852 crunces, Md United States 875 ounces. 
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SULPHUR. 

Iron pyrites is used for the making of sulphur dioxide in the manufacture of 
sulphuric acid. This mineral occurs in quantity at several places in Ontario. 
37,000 tons were shipped from the Magpie iron mine in Northern Ontario and 
deposits are being actively mined at Sulphide and other'places in the pre- 
Cambrian of eastern Ontario. Cheap native sulphur from the Southern States 
at present militates against the exploitation of many deposits of pyrite in the 
north. 

Enormous quantities of sulphur dioxide have been voided into the air from 
the roast heaps at Sudbury; this is not only a serious economic loss but a 
menace to the vegetation of the surrounding district. It is to be noted with 
much pleasure that the Mond Nickel Company are now installing an acid- 
recovery system in their plant at Coniston. 

OTHER MINERALS. 

The pre-Cambrian area of southern Ontario is a region remarkable for the 
number and variety of its economic minerals. As this region is without our 
present field it will suffice to enumerate the more important of its products; 
graphite, mica, asbestos, apatite, molybdenite, feldspar, marble, corundum, 
talc, barite, fluorspar, and garnet; formerly also, gold, iron, and arsenic. 

Some of these substances, e.g. asbestos and barite, have already been 
located in the northern region and it is not unreasonable to expect that many 
more will yet be found. There are, however, a few occurrences, not 
listed above, to which I would briefly direct your attention. 

Gypsum in thick beds of great purity occurs for miles along the Missinaibie 
river and on other streams to the east. While the difficulties of transportation 
render these deposits useless at present, they must be included among the 
resources of the country and will doubtless prove of great value to generations 
yet to come. 

The Palaeozoic plain bordering Hudson Bay is a region of interminable. 
muskegs dotted with dwarfed black spruce. In these muskegs peat has accu¬ 
mulated to an amount that is truly enormous but entirely unestimated at 
present. There are thousands, if not tens of thousands, of square miles of peat 
bogs of undetermined depth. I can only say that I have seen, on lakes and 
streams south of James Bay, where the clay banks have broken down, vertical 
exposures of peat up to twenty feet in thickness. 

Beautiful porphyries occur in many of the igneous dykes, particularly in the 
region north of Larder Lake ; agate, amethyst, and jasper of great beauty are 
found along the north shore of Lake Supi^ripr, and the syenites of Port Coldwell 
with their iridescent felspars rival the famous stones of Scandinavia. 

Finally, we must include diamonds, ^ong the undeveloped, or rather un¬ 
discovered, resources of northern Ontario. Several diamonds have been found 
in the drift of the northern United States the source of whicli must have been 
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in Ontario. It is far from visionary ;to. state that somewhere in the northern 
wilderness occurs a diamond-bearing ei:uptive. It has always been my practice 
to examine carefully for diamonds any ultra basic rock encountered. 

GENERAL. 

Disregarding the many minor occurrences of mineral deposits, low grade ores 
at present incapable of being profitably worked, and substances of future value 
only on account of the present lack of«facilities of transportation, we have in 
Northern Ontario gold, silver, nickel, copper, and cobalt, in deposits of proved 
commercial value. All the losses and-disappointments of the past do not gain¬ 
say this statement, nor do they justify an unhopeful view as to the future 
development of the mineral industry in this territory. ♦ 

The mineral belts are of vast extent, the country is heavily wooded, pros¬ 
pecting is difficult, and development work necessary, but the geological con¬ 
ditions are favourable and the knowledge of the existing proved deposits is a 
spur to effort and a promise of eventual success. 

Most of the money lost in Northern Ontario has disappeared in the pursuit 
of gold. There are literally hundreds pf abandoned shafts and workings between 
the Quebec boimdary and the Lake-of-the-Woods. This is but an evidence of 
the general dissemination of gold. The failures are due to bad judgment, 
frequently accompanied by incompetence and extravagance, and the same is 
true of any mining district in the world. This general dissemination of the 
precious metal has emphasized the difference between a prospect and a mine ; 
it has also emphasized the necessity for extreme caution on the part of the 
investor. One cannot blame the prospector or the holder of an undeveloped 
property for seeking capital to investigate his claim. He does so, usually, in 
good faith for your prospector is always an optimist or he would not be a pros¬ 
pector. 

In future there should be less money lost in unprofitable gold mines. The 
discovery that the great deposits are related to Algoman granites should go 
far to prevent misfortunes, and the prevailing custom of exploration by diamond 
drill before sinking shafts should minimise the expense of preliminary investi¬ 
gations. 

It has been said that there are three general ways of procedure in financing 
mining and exploration as foUows : 

1. Established mining companies; these usually maintain an exploration 

department. ;; r..' 

2 . Exploration companies and syndicates ; these usually investigate prospects 

and develop them to the point,<>f requiring a serious capitalization for 

actual production. 

3. Companies that take over prospects and sell stock to the public for funds 

to investigate, or to develop, or iq actually mine. 

If I may be allowed to offer advice to the British investor I should favour 
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the first of these methods as the most conservative and the least likely to result 
in loss. The stock of successful mining companies, however, is usually held 
at a high fijgure commensurate with the dividend and the value of money. 

The third method, except in exceptional cases, is dangerous for the investor 
at this distance from the field ; further, it is the method that gives scope to 
the unscrupulous promoter. 

The second method, that of exploration companies, should appeal to the 
British investor desirous of assisting in the mineral development of Northern 
Ontario. Companies of this kind may send out their own prospectors, or keep 
in touch with private prospectors and owners of undeveloped properties. They 
can examine, at relatively small expense, a large number of undeveloped or 
partially developed prospects in the hope that a new Cobalt, or Porcupine, or 
Kirkland Lake may fall into their hands. 

It is evident that the success of companies of this kind depends very largely 
on the ability of the officer in charge. Above all, he must be a man of good 
judgment and this faculty can be acquired only by a familiarity with the con¬ 
ditions throughout Ontario. The ty|ie of man for this work is the economic 
geologist who may be defined as a geologist trained particularly in the lore of 
ore bodies and with some knowledge of mining engineering, or he may be 
defined as a mining engineer with the necessary training in geology. 

Before closing I should like to direct your attention to a subject that is but 
i ndirectly connected with the substance of this address but one that is, ne\'erthe- 
less, germane to the mining industry of Canada. 

SIR WILLIAM LOGAN. 

Lower Canada (Quebec) and Upper Canada (Ontario) were united to form the 
Province of Canada in 1841, and in 1842 Mr. William Edmond Logan, born at 
Montreal in 1798, was appointed to make a geological survey of the new pro¬ 
vince, a region stretching from the Ga$p6 peninsula to beyond Lake Superior, 
and extending northward an unknown distance into the inaccessible wilderness. 

Sir William Logan with few assistants and without adequate financial support 
laboured at this tremendous task for more than a quarter of a century retiring 
in 1869 shortly after the Act of Confederation established the Dominion of 
Canada. 

Logan is justly regarded as the Father of Canadian Geology,** in that he 
established the general stratigraphical succession throughout this great area and 
laid the foundation for the nomenclature of the pre-Cambrian rocks of the 
Canadian Shield. j’ ' 

While essentially a stratigrapher, I^gatn was not unmindful of the fact that 
it is the economic aspect of geology that opens the public purse. Consequently 
we find that references to ore deposits afppear throughout his reports and that, 
in addition to such references, 165 pages of the comprehensive report of 1863 
are devoted specifically to economic geology. 
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While willing to encourage serious attempts to exploit the mineral wealth of 
the country, Logan set his face against misrepresentation and was alwa}^ 
averse to expressing his own opinion as to values although frequently solicited 
in that respect. He was accustomed to meet enquiries of this kind by the 
statement '* I am a geologist, not a mining engineer.*' He had, nevertheless, 
a strong faith in the future of the mining industry ; this faith has been justified 
and, with the partial breaking down of the distinction between geologist and 
mining engineer, has come the desire on the part of the latter to recognise the 
services of Logan to the mining industry of Canada. 

. In 1913, as a mark of appreciation of Logan's services to geology a bronze 
memorial was erected at Gaspe and replicas were placed at other points in the 
Dominion. A movement is now on foot to recognise his services to mining 
by having his portrait hung at some suitable place in London. An excellent 
picture is in the possession of the Royal Canadian Institute at Toronto; the 
Canadian Institute of Mining and Metallurgy proposes to raise the funds neces¬ 
sary to have a copy of this portrait hung in London and possibly also in New 
York. 

Before I shall have the pleasure of aj^ain being in London, I hope that you 
will have here a lasting memorial to the distinguished pioneer who was not only 
the Father of Canadian Geology," but the father of the Canadian mining 
industry as well. 

In closing I would state that I am highly honoured in having the oppor¬ 
tunity of addressing the Royal Society of Arts. I regret that the short time 
allowed me for preparation has not permitted an adequate presentation of the 
subject. I shall be content, however, if I shall have assisted in convincing 
you of the great potential wealth of Northern Ontario and of showing that, 
if the failures have been many, the rewards have been correspondingly great. 

The preparation of this address would have been impossible except for the 
kind co-operation of Mr. W. D. Dalglfeh, the officer in charge of the Canadian 
Mineral Exhibit at Wembley, and for the great kindness of Sir Richard Red- 
mayne who placed the resources of the Imperial Institute at my disposal. To 
Sir Richard Redmayne and to Mr. Dalglish I desire to express my sincere 
thanks. 


DISCUSSION. 

The Chairman (Sir Richard Redmayne), in opening the discussion, mentioned 
that Sir Alfred Mond, who was abroad, had written expressing his regret at his 
inability to be present. The paper, the speaker said, gave a telling description 
of the bad state the nickel industry got .into in the Sudbury and other districts, 
owing to the many rival interests and the want of capital and proper methods of 
organisation, a state of affairs which continued until the great Mond interests stepped 
in, consolidated the work, and developed the nickel industry until it became the 
success it now was. That was an example in miniature of what might be done 
in the .case of the coal mining industry in this country. If only the colliery 
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owners would form in group combinations, with a view to concentration 
of effort, greater organisation, and the introduction of improved methods within the 
groups, he thought it would be found that the industry (which, 
after agriculture, was the greatest in the country) would soon be put on 
i.ts feet. What he suggested was by no means nationalisation ; ciuite the reverse. 
Cheap coal was the life-blood of the nation : oil would never be a serious rival to 
coal, because for one thing there was not enough of it. Cxial formed an important 
part of the cost of operating other industries, and was at the present time far too 
dear, yet the wages earned by the miners^ were by no means excessive. What was 
required was a drastic re-organisation. 

There were one or two matters in the paper in regard to which he would like 
further information. The author referred to the fact that one of the great granitic 
masses was productive of gold and other valuable minerals, while the other was not, 
and said that at present there was no guide as to whether an individual one was 
gold bearing or mineral bearing or not, but that possibly a means might be dis¬ 
covered whereby the presence or absence of radioactive minerals would be a guide 
in that direction. He would like to know why and how. 

The author put the area which might be favourably prospected in Ontario at, in 
round figures, 50,000 square miles, but a great deal of that was under swamps and 
lakes, and he thought there would be great difficulty in prospecting under a covering 
of, for example, twelve feet of peat, under which again would come the earth on 
which the peat moss grew. It might be possible, Ly mean 5 of the diamond drill, to 
do something, but that was a fairly costly method of prospecting to employ, for 
if one took cores, say, a mile apart one might miss the gold vein altogether. 

He was interested un the author's statement that there w^as no rise of temperature 
in the mines in the Porcupine region with increase in depth. The average rise in 
temperature in this country was about i®F. for every 60 feet of depth after the 
first 100 ; the average in South Africa was about 1° for every 200 feet, while in 
the Lake Superior region the rise was still smaller, amounting to only a fevr degrees 
at a depth of 4,000, to 5,000 feet. He would be interested to learn whethei the 
author meant there was no rise at all. or merely an infinitesimal increase. 

He was sure the Society was greatly indebted to the author for his admirable and 
interesting paper. 

Mr. a. G. Charleton said he had listei)(id to the pajjer with the greatest interest. 
He had always taken a great interest in Canadian mining, as in 1881 he was assistant 
superintendent of the first successful gold priine in Canada. The ore that had to be 
dealt with was very refractory, but averag^ about 181 dwt. gold per (short) ton. and 
consisted of sulphide of arsenic (mispikel) in quartz-veins, in syenitic granitic 
country. “ Horses” of micaceous and talcose slate are found in the veins and the 
“ walls ” are of the same nature. As far as gold was concerned it was not a great 
success, but the arsenic works which were established became the largest at that 
time in the world, and produced a great output. When in Canada with the 
International Geological Congress in 1913, he had the pleasure of seeing the 
Hollinger mine, and was greatly impres^d with the potentialities of that region 

Major Henderson Scott complimented the author on his clear exposition of 
the mineral deposits of Ontario and said he Itnew Ontario rather well, and thought 
the area available for prospecting was even greater than the author had indicated. 

Mr. H. S. Spence said a great deal of the pre-Cambrian area might be regarded 
as barren and probably unproductive, so far as minerals were concerned, but the 
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author had brought home the fact that there were fifty thousand odd square miles 
of productive rocks, and personally he shared the author's optimism in that respect. 

Mr. R. a-ABABREi-TON said that within living memory gold mining took place 
on a very large scale in California, then in Australia, then in South Africa, and 
now', judging from tha remarks of Professor Parks, he did not sec why Canada 
should not become the most important hrea in the world from the point of 
\iew of gold production. 

Mk. Byron Brenan, C.M.O., proposed a hearty vote of thanks to the author 
for his paper, and to the Chairman for presiding. Of all the metals, except gold, 
which the author had mentioned, it might be said that the more of them the better ; 
blit, so far as he could see, the more gold the country' had the worse off it was. 

Professor Parks, in reply to the discussion, said the Chairman had inquired 
about the possibility of distinguishing the two kinds of granite, 'fhe great granite 
masses which were intruded into the sedimentarier came up at different times 
during the early pre-Cambrian period. There was an earlier mass of granite 
which is sometimes called tlie Laurentiaii, and a later one called the Algoman, but 
there might be others, and it was not possible to tell them apart. It is now fairly 
well known, however, that only the Algoipan granite introduced the gold, and not 
the Laurentian ; consequently any means of telling Algoman from Laurentian 
granite would be of great value. It has been shown of recent years that any 
mineral containing uranium breaks down in the course of time, one atom of 
uranium giving rise to one atom of lead and eight atoms of helium. The rate at 
which that disintegration takes place is known, and what is called a ** half-value 
period ” has been established, and is expressed in a definite number of years for 
any particular element, radium, uranium and thorium more particularly. Given 
a uranium-bearing mineral from each of the granites it is evidently possible to 
determine their relative ages and thus discriminate between the older Laurentian 
and the younger Algoman. The method in ejuestion, however, is not yet perfect 
enough to be altogether reliable. 

With regard to there being 54,000 square miles available for prospecting in 
Ontario, he had tried in his paper to bring, out the fact that while there were about 
52,000 square miles of metal-bearing rocks, that area fnjm a prospector’s point of 
view was considerably reduced, owing to swamps, lakes, and soil. The area 
immediately available was less than the figure he had mentioned. 

The temperature in the Hollinger mine was, he believed, 42almost constantly 
tliroughout the winter and 47° in summer. 


NOTES ON BOOKS. 


The Microscope. By S. H. Gage. 14th Edition. New York: Comstock 
Publishing Co. $3.50. 

While many minor improvements and corrections have been made in this edition, 
the niost important feature is a new chapter dealing with dark-ground illumination. 
As is well known, valuable advances in this field have been made in recent years, 
and the subject is here carried right up to the present date in the most painstaking 
and practical fashion. . 
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In looking at the book as sl whole, one cainnot fail to be struck by the comparative 
lack of interest shown in questions of microscope design. In this country, as a 
general rule, these questions are keenly discussed and copiously illustrated, so that 
in our own text-books the effect for whole chapters together is almost that of a 
critical commentary on a composite manufacturers* catalogue. In America there 
seems to be more standardisation ; apparently one buys one's outfit " from one 
or other of the two great American firms of microscopic opticians and takes its 
design for granted. 

In other directions also there is revealed an extraordinary divergence of opinion 
between the experts on the two sides of the Atlantic. Thus Professor Gage (pp. 
45, 48) believes so strongly in daylight illumination, especially in the form of a 
north light, that if he cannot get the thing itself he will go to endless trouble to 
imitate it with artificial light as closely as possible; while Nelson (as quoted by 
Coles, Critical Microscopy, 1921, p. 21) remarks : “ One hour of steady hard work 
with the microscope by diffused daylight will tire you more than a whole day's 
work in a dark room by lamp-light." 

Again, in the matter of critical illumination. Professor Gage recommends the use 
of ground glass to diffuse a filiform illuminant, or for other reasons, even with high 
powers. Compare this with the dictum of Hind and Randles {Photomicrography, 
1913, p. 22) : " Ground glass is never used when critical illumination is required." 

Connected, perhaps, with the author's opinion on these two matters is the extreme 
paucity of information on the subject of artificial illumination in general. Even 
in the chapter on photomicrography, no reference whatever is made either to the 
mercury vapour lamp or to the Pointolite lamp, though elsewhere in the book the 
name of the former receives a bare mention once, and that of the latter twice. 

One would judge that pure photomicrography is of less moment in American 
practice than in our own. There is a long and interesting chapter (sometimes 
straying far indeed from the subject of microscopy) on methods by which optical 
projection, in one form or another, is assisted by the artist's pen. 

The chapter on vertical illumination and metallography has been rather regret¬ 
tably omitted from the present edition, and the section on polarised light r.i so 
short as to be, one would think, of little practical use to a student; while on the 
other hand there is given in ccHinexion with the micro-spectroscope a quantity 
of physico-chemical information which seems somewhat out of place. Altogether, 
one cannot avoid the impression of a certain lack of balance and co-ordination 
throughout the book, which is not lessened by the remarkable way in which 
unrelated subjects are sometimes grouped into chapters ; as in Chapter III, which 
begins with sections, in the order named, on : objectives in general, the difference 
between images of coloured and colourless objects, the binocular microscope, the 
care of the microscope, and so on. 

Excellent features are the small lists of further literature at the ends of chapters, 
and the general bibliography at the end of the book, though the latter has not been 
kept quite up to date, and seems to omit reference to books on photomicrography. 
The prices of modem works are given in this bibliography, save in a small section 
devoted entirely to recent publications, which seems hardly the place in which to 
omit them. 

Economic Conditions in India. By P. Padmanabha Pillai. London : George 
Routledge and Sons, Ltd. 125. 6 d. net. 

This volume of 330 + xviii pages forms No. 78 in the series of monographs issued 
under the auspices of the London School of Economics, and the thoroughness with 
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which, Dr. Pillai has studied the general history of origins or developments as bearing 
on India's sentiments, habits and needs, affords a good basis for applying the 
economic lessona of the great war; the apthor's position on the secretariat of the 
League of Nations giving him opportunities for maturing his views on many aspects 
of doubt. 

India is now face ta face with a increase of population and consequent 

greater demands on the soU; moreover, in ^ country where the rainfall is precarious 
in amount and ifl-distributcd (pp. 36, 61), and the author, while generally 
admitting " that an old agricultural country like India is more susceptible to the 
influence of the law of diminishing returns than new or industrial countries," hopes 
that the " new agriculture " may intervene favourably, but various complications 
new to India apx>ear to be " outcomes of the Educational policy of the British 
Indian Government" (p. 37); these outcojnes, including unemployment among the 
intellectual classes and a drift towards political activities (p. 37). *■ 

A feature of Dr. Pillai’s volume is a careful search for secondary or ultimate 
consequences of changing social conditions and of legislative experiments; the 
author’s mental constitution evidently including a notable infusion of that caution 
as to deductions from the sequences to experimental legislation which was enjoined 
by writers of ihe ancient peripatetic school, by Bacon in his essay on " Innova¬ 
tions and elsewhere, but perhaps more trenchantly and definitely by Herbert 
Spencer, who has so frequently called attention to the wide contrast between 
intention and realisation in experimental and remedial legislation, the unexpected 
generally predominating in the long run, notwithstanding early indications of the 
law fulfilling the intentions of its promoters. 

In the broad spirit of historical study, integrated with present-day experience. 
Dr. Pillai gives us much which bears on the vexed question of protective duties 
on imports, with the when and why such duties may be desirable or undesirable ; 
and in this aspect pp. 3111 to 328 may be read with special, advantage. State 
action generally as contrasted with private enterprise and capitalisation are con¬ 
sidered ini a very fundamental manner in relation to Indian needs, and it is interest¬ 
ing to read, on p. 311, of a limit at which it has been assumed by the Ootacamund 
Conference that a new State industry in India is likely to remain a " petty and 
ineffective plaything," or become a costly and hazardous speculation.". As an 
ebser\ ed fact Mr; Pillai finds that an 'increase of wages in India has not proved 
advantageous, but has merely promoted idleness, the worker being contented to 
work shorter time and take the same total (p. 246), but he gives his reasons for 
regarding higher wages a stTie qtta non for the efficiency of Indian labour. A 
niinimum wage for each industry is, after the study of many facts, regarded as 
fmpracticablb in application and fallacious in theory, as involving an arbitrary 
determination by a few outsiders of the standard of living, p. 245. 

Indian personal finance, in relation to borrowing and banking, are treated of 
at length in references to the lesson of-Germany's pre^•war banking system, and the 
Pownall dictum, p. 295, 

Dr. Pillai's volume owes its value to its distinctively intricate character, and 
the way in which issues likely to escape notice are shown to bear on the main 
questions; it seems a pity, therefore, that those to whom the MS. was entrusted 
for seeing throu^ the pre^ during the author's absence on duties connected with 
the' League of Nations, did not arrange for someone to index and cross 
,reference.the volume, especially as the work ftOA been awarded a grant-in-aid 
by tbf Indian Government. 
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Lecture I .—Delivered April 20th, 1925. 

The subject of motor fuels is one which has been widely discussed from its 
various aspects before the technical societies interested, and in the technical 
press. A large amount of valuable research work has been done in this country 
by Ricardo, Ormandy and Craven, and other investigators, and recently the 
Institution of Automobile Engineers, with assistance from others, has published 
a most valuable report on the work of the Empire Motor Fuels Committee, and 
summarising other recent work in this coimtry and in the United States of 
America. In the last named country, as would be expected from the great use 
made of automobiles, chemists and engineers have carried out a great deal of 
very valuable research work. 

It seemed to me, therefore, a very appropriate time to review in these Howard 
Lectures the whole subject, considering in the first place the ways in which the 
greatly increased demands for motor spirit have been met, hitherto, and the 
prospects of meeting the undoubtedly still greater demands of the near future 
by alternative, or, as it is better expressed, supplementary fuels. Further, 
how, as the result of this research work, we have acquired a good knowledge 
of the relative merits of the different components of our various ty^s of motor 
spirit, knowledge which can be applied to their improvement and the pro¬ 
duction of blends which impart most of the best characters to the mixtures. 
Again much light has been shed upon the imjportant qu^tion of the more effi¬ 
cient utilisation of our motor fuels. 
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It is particularly appropriate that the opportunity for discussing these 
questions should have been afforded by the Royal Society of Arts, for it was in 
this hall, just fifteen years ago, that the late Professor W. Watson gave a series 
of four Cantor Lectures which were almost the first to be delivered on the 
scientific results from experimental work on the petrol engine. 

The rapid development in the use of motor cars throughout the civilised world,, 
and the development of aviation, an extension of which is boimd to make 
further great demands on suitable fuel in the near future, have necessitated an 
enormous increase of production in recent years. Dr. W. R. Orm^ndy credits 
Lord Montagu of Beaulieu as making* an estimate some years ago of the 
English requirements reaching 20,000,000 gallons per annum. Only last 
month the approximate figure of 500,000,000 gallons was given in the House of 
Commons as the consumption for 1924 ! It is almost beyond speculation what 
the world's demands may be ten years hence. 

An estimate of the number of motor vehicles of all classes in 1912 gave the 
aggregate for the world at 1,360,060 and an estimate for 1924 at 20,380,060. 
Thus whilst the motors were 15 times the number the crude oil output was 
approximately only 3 times. 

So far the demand for motor spirit has been practically met by the petroleum 
industry. The output of crude oil has been nearly trebled in the period 
1912—1923 (Table I). 


Table I. 

Crude Oil Production — The World. 


1912 

1922 .. 

1923 (estimated) 

1924 (estimated) 


Metric tons. 
47.655*900 
133,702,000 
133.544.000 
137,642,000 


A most important consideration is the available surplus left for export after 
home consumption in the chief producing countries has been provided for. 
In a country like the United States of America, with approximately 15 times the 
number of motors of all classes in use as compared with this country, the 
exportable surplus per cent, on the total production is comparatively small. 
In 1910 the per capita consumption of motor spirit in the U.S.A. was 96 gallons, 
in 1921 it was 230 gallons. On the other hand, in remote countries like Sarawak 
or Persia a much higher per centage of the output is available for export. Thus 
while from the U.S.A. and Mexico the export (all grades) is 20-22 per cent., 
for the East Indian Archipelago it was 62 per cent. (1921) and 56 per cent. 
(1922) and for Persia 81-85 cent, of the production. 

Tlie sources from which we draw supplies of motor spirit, and all other petro¬ 
leum products, is a matter of vital importance from the point of view of national 
safety. The whole has to be transported by sea. To-day petroleum products, 
partknilarly-motor spirit, are essentisff'to military dperations. Mechanical 
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transport has largely superseded all other forms of transport; tanks and aero¬ 
planes are dependent on ample supplies of motor spirit. Any country failing 
to keep up its supplies would be very seriously handicapped, indeed outclassed, 
dependence on one particular line of supplies, either from the East, via the 
Suez Canal or from the West, involving transport across the great Atlantic, 
might in some circumstances lead to disaster. It is all to the advantage of 
this country that there has been a wider distribution of the area of supply in 
recent years, and the discovery of new oil fields in both the Eastern and Western 
hemispheres is a matter of great importance to Great Britain. 

The change which took place in the distribution of our sources of supply 
between 1913 and 1918 and later between the Armistice and 1922 are well 
illustrated in Fig. I, the data having been collected from a paper by Admiral 
Sir Edmund Slade before the Road Traffic Conference (1923). 



It is astonishing to find that no statistics are available as to the actual quantity 
of motor spirit used annually in the country. Data are available from the 
Customs returns of the quantity of “ motor spirit ** (including crude naphtha) 
imported and the re-exports, so that a balance of that retained for home use 
can be made, but there is-to-day a very considerable production from crude 
oil distilled in this country, and which does not appear in the usual returns, 
the figures for which may even be very misleading. Thus, those for Persia show 
that the import fell from 64,692,532 gallons in 1922 to 17,366,132 in 1923, 
and to an estimated figure of 12,000,000 gallons in 1924, whereas the total 
Persian spirit marketed has materially increased (Fig. I.). 

Important as the increase in prodqctipn of crude oil has been in contributing 
to an increased output of petrol the demands could not have been met solely 
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by increased production directly from the crude oil. Producers turned their 
attention to increasing the yield of the petrol fraction from the crude oil, and 
with marked success. According to T. A. Boyd (J.I.E.C. 1924, 16 , 1004) in 
1913 the United States produced about 1,100 million gallons of petrol, or 
naphtha, representing 12.5 per cent, of the crude oil, in 1923 the output was. 
approximately 7,500 million gallons, representing approximately 30 per cent, 
of the crude. The motor spirit fraction is certainly to-day by far the most 
important fraction of the crude oil and to raise the average yield to more than, 
twice what it was ten years ago was a technical advance of the highest impor- 
tknce. 

The principal contribution to this increased yield has been the extensive 
introduction of “ cracking'' processes, a second factor of great importance 
the separation of high-grade petrol from casing head gas. Petrol obtained by 
the ordinary methods of distillation, which are dependent upon evaporating 
off and condensing the vapours of the lower boiling hydrocarbons, yields what 
is known as “ straight petrol. By cutting the distillate at suitable points- 
a petrol results having a certain range of distillation. There would be an 
obvious advantage in making the final boiling point as high as possible (usually 
it is about I90°C. in the best grade motor spirits) because the yield from any 
given crude oil would thereby be increased. 

Petroleum motor spirit has indeed undergone very considerable modification 
in the effort to obtain the largest possible fraction from the crude oil. In 
1907-09, for what is commercially known as No. i petrol, the average percentage 
distilling below ioo°C. was 60 to 70; with a final boiling point of 125-130^0. 
In 1912 about 40-50 per cent, was common below ioo®C, with a F.B.P. of 
i50-i6o°C. A number of the best known brands collected this year show 40* 
per cent, below ioo®C., with F.B.P's. ranging about i8o-i90®C. 

There is however, a practical limitation with present day engines to raising, 
the final boiling point, because the heavy ends ” (high boiling fractions) 
escape complete combustion and dilution of the lubricating oil in the engine 
results, besides some secondary objections to such a proceeding. 

Failing this way of increasing the average yield per gallon of crude oil recourse 
has been had to the two methods above referred to. 

Cracked " Spirit. 

Cracking is dependent upon the instability of the higher boiling fractions oi 
petroleum oil when heated and the thermal decomposition results in the pro¬ 
duction of “ cracked spirit," accompanied by much gas formation and free 
carbon. It necessarily involves considerable loss of material but has, never¬ 
theless, proved a very valuable branch of petroleum technology. 

Ffom a census taken by the Oil Gas Journal (1924) it appears that in the 
United Stotes of America there were 563 refineries of which 164 were equipped 
with erasing plants and it has been stated that the present capacity of 
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commercial cracking plants in the United States is capable of producing annual¬ 
ly 2,250 million gallons of petrol, twice the total quantity produced in 1913. 
In 1920 Burton estimated the U.S.A. production of cracked spirit as 750 
mUlion gallons, or a little over 16 per cent, of the total output. 

As indicating the important influence of the process on the economics of 
operating the refineries, on May ist, 1924, 35 per cent, of those in which no 
cracking plants were installed were shut down, but only 10 per cent, of those 
provided with cracking plant. 

In this country a cracking plant has been in successful operation during the 
last year at the works of the Medway Oil and Storage Company, Isle of Grain. 
It is a Cross plant and in March of this year 596,000 gallons of finished spirit 
was made. The raw material is a Russian kerosene and the yield of marketable 
spirit is 60-65 cent. A full description of this plant will be found in 
Engineering (1925, 119 , 247 and 312. 

Cracking processes have added very materially to the quantity of motor 
spirit yielded by a crude oil but their further development must be dependent 
upon maintaining a sufficient margin of profit. There are inevitable losses, 
due to gas and carbon formation, and also to what are commercially, at least, 
uncrackable residues (although these find use as fuel). There is the capital 
cost of the plant and the operating cost to be covered. Clearly the price of 
the finished product must be high enough to leave a margin of profit after the 
cost of the raw material and the conversion have been met. In practically all 
cracking plants an intermediate petroleum distillate is the ra>y material, that 
chiefly used being the ** gas oil fraction. Demands for this fraction come 
from the gas industry for the carburation of blue water gas. Further this 
fraction constitutes the highest grade of fuel oil suitable for use in Diesel 
and semi-Diesel engines. Great strides have been made in the introduction 
of Diesel engines and marine engineers look with confidence to a rapid advance 
in the utilisation of these engines for ships. This foreshadows increasing 
demands for suitable fuel, and although oils of lower grade, even certain residue 
oils, have been used successfully in Diesel engines, it is highly probable that for 
marine use generally a high grade distillate of the gas oil type will be insisted 
on for many years to come. The risk of serious running troubles or possible 
stoppage with engines running day in and day out for considerable periods 
on a cheaper grade of oil is one which ship-owners are not likely to incur. My 
own view is that the gas oil fraction (or Diesel engine distillate) is going to be 
in much greater demand and will probably become too valuable to crack, 
but simultaneously there may be an advance in price of the motor spirit which 
may maintain that margin which to-day makes cracking .a financially sound 
proposition. 

There is, however, the possibility of cracking residues from the distillation of 
crude oil, that is those portions remaining after the motor spirit and kerosene 
fractions have been removed. Unfortunately the use of such residues leads to 
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greatly increased carbon production in the cracking plant and there appears to 
be only one design of cracking plant which is operating successfully on residue 
oils. It is in the development of plants which can deal satisfactorily with residues 
that the commercial future of the cracking process probably lies. 

Cracked spirit is characteristically different from the “ straight spirit, 
chiefly in that it contains a fairly high quantity of unsaturated hydrocarbons. 
These are of at least two distinct types—those which are stable in the light and 
in presence of air, others unstable. The latter are generally regarded as di- 
oleflnes; they quickly turn yellow and form gummy polymers. It is very 
♦necessary that they shall be removed by suitable refining. Unsaturated hydro¬ 
carbons of the stable type do not appear to be any disadvantage in a motor 
spirit. Ricardo, in his variable compression engine, described later, used a 
cracked spirit quite successfully up to a compression ratio eft 5.55/1. Further 
tests by the same authority of a cracked spirit produced by the Cross 
process gave a consumption of 0.458 pints per I.H.P. at the highest useful 
compression ratio (5.79/1), as compared with 0.475 pints per I.H.P. for an 
aromatic free petrol at the highest useful compression ratio (4.5/1)* The writer 
has run a 4 seater car on a refined but unblended cracked spirit produced in 
the Cross plant for 170 miles and foimd the engine functioned as well as with 
the best aviation spirit. There was no indication of pinking or detonation 
on fair gradients and the miles per gallon was approximately the same as for 
straight No. i petrol, although unquestionable official trials have shown a 
decided increase in miles per gallon. 

In general, cracked spirit is not used alone but is blended with straight petrol, 
and the large output of the American cracking plants which has come into use 
does not appear to have given rise to trouble in running. One objection may 
be urged against cracked spirit and that is its pungent and somewhat unpleasant 
odour; users in this country are so accustomed to a pleasant smelling spirit 
that they are prejudiced against any other, but after all, when the spirit 
is in the tank of a car it can seldom give rise to any unpleasantness. As far as 
the writers personal observation goes the exhaust is quite as sweet as from any 
other spirit, certainly sweeter than from benzole. 

“ Casing Head " Spirit. 

The other source which has contributed considerable quantities to the total 
output of motor spirit is natural gas. Vast quantities of this gas are distributed 
for general use as a heating and lighting agent in Canada and the United States. 
Where the gas has been directly associated with petroleum, in addition to the 
not easily liquified hydrocarbons methane, ethane and propane, there are 
pr^nt the vapours of the lower bqi^g constituents of straight petrol. By 
compression these vapours are liquified and. constitute the ** Natural Gas 
Gasoline " or “ Casing Head Spirit." 
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The growth in production of such spirit has been truly remarkable. In 1911 
approximately 2,500 million c.ft. of natural gas was treated, yielding 6,100,000 
gallons (Imperial) of spirit; in 1921 well over 500,000 million c.ft. of gas yielded 
the huge total of 374,540,000 gall. (Imperial). The average yield from the gas 
suitable for treatment in the United States is 2.5 to 2.9 galls. (Imperial) per 
1.000 c.ft. : the richest gas yields 6.6 gallons. 

The methods of extraction are (a) compression, with cooling, (b) washing out 
the vapours with heavy oils, (c) direct absorption by passing the gases through 
solid absorbents, such as the activated charcoal developed for use in gas masks. 
The two latter processes are rapidly taking the most prominent place. The 
liquid condensed by compression contains a high percentage of very volatile 
hydrocarbons arid has to be “ weathered to allow of these evaporating, other¬ 
wise excessive pressures would be set up in containers. 

Natural gas spirit may almost be looked upon as a super-petrol because of 
the high percentage of low boiling constituents it contains. Not only has its 
production been a direct contribution to motor spirit supplies, but indirectly 
it has enabled a larger proportion of the crude oil to be used as a motor spirit, 
since grades of naphtha with volatility a little too low for their inclusion in the 
ordinary straight petrol product may be blended with the highly volatile 
natural gas spirit and give a satisfactory mixture. 

D. B. Dow, of the U.S. Bureau of Mines, gives the following distiUation 
figures for a “ raw natural gas gasoline (sp.gr. 0.651). 


I.B.P. 3i°C 50 per cent, at 61 

10 per cent, at 32.5 60 „ „ „ 75 

20 „ „ „ 36.0 70 „ „ 93 

30 .. » 42.5 80 »» M „ 143 

40 .. 500 F.B.P. 143 


Because of the very low boiling constituents the distillation loss was high—18 
per cent.—and this accounts for the final boiling point corresponding with tha 
temperature at which 80 per cent, of distillate was obtained. 

Home production of motor spirit has'^been practically confined to the oil 
shale and coal distillation industries. In 1913 the Scottish shale industry 
produced about 29,000 tons, equivalent to some 8 per cent, of the home con¬ 
sumption. Production has tended to diminish and as the consumption of motor 
spirit has increased tremendously the shale spirit output in 1922 represented 
about 2 per cent, of our requirements. There certainly does not appear to be 
any probability of an increased output from shale until, perhaps, the very 
difficult problem of de-sulphurising the oil from the Dorset (Kimmeridge) 
and Norfolk shales has been solved. 

Motor Benzole. 

The coal distillation industries are, however, capable of adding materially 
to our requirements, and have already made large contributions. A good deal 
of prejudice against motor benzole has had to be overcome ; it *still lingers in 
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some quarters, but in general benzole is accepted as a fuel with certain well- 
defined advantages and its production on the largest possible scale in this 
country is generally admitted to be highly desirable, and much valuable propa¬ 
ganda and research work on the production and use of motor benzole has been 
carried out by the National Benzole Association. Much valuable work in 
dispelling the early antipathy to benzole has been done also by the Royal 
Automobile Club, the Commercial Motor Users* Association and others, includ¬ 
ing the powerful advocacy of ** The Motor.** 

Many estimates have been put forward for the amount of motor benzole 
I this country is capable of producing, and very variable are the quantities arrived 
at. Tars vary widely in their 5deld of benzole ; benzole, being a commercial 
article is produced in grades which differ very considerably from one another, 
and some authorities estimate in one grade, others in quite a different one, 
others simply say benzole without in any way indicating whether it even 
approximates to the specification adopted for " motor benzole.*' Without 
attempting any estimate of such problematic accuracy I propose taking some 
of the facts stated by the Fuel Research Board (1920) and last year by Mr. 
W. G. Adam at the World Power Conference. 

Figures given by the Fuel Research Board (1920) for the production in 1918 
were :—from gas works, 10 million gallons; from coke ovens, 32 million gallons. 
For 1919 the total production was given as 20 million gallons. 

The quantity of coal carbonised was given as 16.5 million tons at the gas 
works and 18 million tons at coke oven plants. The benzole (undefined) 
production in 1921 was 14 million gallons ; this on 34.5 million tons of coal is 
approximately 0.4 galls, per ton, Mr. W. J. Butterfield has stated that the 
benzole recoverable from tar averages 0.2 galls, per ton of coal carbonised, 
and this figure has been confirmed for London tar by Mr. S. S. Field, formerly 
of the South Metropolitan Gas Co*s. Tar Distillery. From coke oven plants a 
much higher yield is obtained because washing out the benzole from the gas is 
commonly practised. By the thorough application of gas washing the yield 
per ton coal is raised to nearly 2.5 galls, per ton, and the high result of 0.4 galls, 
given above is probably largely due to inclusion of the high yield from coke 
oven plants. We have, however, definite data as to production during the 
period of the war when compulsory " gas stripping " was practised ; in 1918 
Adam gives the benzole production as 26.4 million galls., and he states that if 
stripping ptot were installed in all gas works, such plant being operated at 
66 per cent, recovery (so as to not unduly degrade the gas) the annual production 
could be increased by 27 million gsdlons. A reasonable estimate for our 
“ possible *' production would appear to be 45 million gallons. But apart 
altogether from estimates it is certain that we are not obtaining anything like 
the full output of benzole from the vast quantities of coal carbonised to-day. 
It is, of course, thie ambition of some fuel economists to abolish the use of raw 
coai find insist on the carbonisation of practically the whole of it, with a view to 
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producing smokeless solid fuels and a great increase in the production of liquid 
fuels, including motor spirit. By low temperature carbonisation (i.e., tempera¬ 
tures circa 5oo®C.) the tar 5deld is some 60 per cent, higher than from high 
temperature carbonisation. The only independent authoritative tests on a 
low temperature carbonisation process within the writer's knowledge are those 
published recently for the Fuel Research Board on the Parker plant at Barugh, 
Barnsley. The tar yield was 18.62 galls, per ton of coal, from this a yield 
of 1.09 galls, of a crude first fraction (boiling up to I70®C.) was obtained. After 
acid refining and again distilling to 170®, 0.756 galls, of a motor spirit per ton 
of coal was obtained. By oil scrubbing the gas 1.78 galls, of crude product 
(boiling to 200°C.) was obtained per ton of coal; after acid washing and 
distilling a refined spirit yield of 1.39 galls, (boiling to I70°C.) resulted. Thus 
the total acid washed and redistilled spirit amounted to 2.146 galls, per ton. 
These results hardly bear out the optimistic estimates of motor spirit likely to 
be obtained from low temperature distillation processes, even allowing that 
refining losses may be less with large scale operating. 

There is considerable promise that the removal of benzene and its homologue 
from coal and coke oven gas may be improved by absorption methods, using 
silica gel or the highly absorbent charcoals, such as were used in gas masks, 
and are used for absorbing gasoline from natural gas. The use of silica gel has 
been investigated in the laboratory and a large plant inspected in America by 
the Benzole Research Committee of the National Benzole Association (ist 
Report). The absorption efficiency was very high (95 per cent.) but the directly 
recovered benzole was not of good colour. By simple further treatment, 
involving distillation, the over-all efficiency was 80-82 per cent. The freezing 
point of the benzole was, however, too high (-7.3®C.) to comply with the English 
specification (-I4°C.). 

Another important matter is the degree of refining necessary for the motor 
benzole fraction of the crude coal tar naphtha. For such purposes as the con¬ 
version of benzene into nitro-benzene, the first step in the production of aniline, 
a fairly close fractionation and a fairly drastic acid treatment has been usual. 
Hydrocarbons, other than those of the aromatic series, are undesirable for the 
nitration process, but the presence of paraffin and naphthene hydrocarbons 
(as in low temperature naphtha) and unsaturated hydrocarbons, are no draw¬ 
back in a motor benzole, providing the latter are not of so highly unsaturated 
a character as to produce darkening in colour and the formation of gummy 
products on keeping. Simpler methods of refining, with consequent material 
reduction in the refining losses, are, therefore, possible where the product is 
destined for use as motor fuel. In all probability the use of sulphuric add will 
prove unnecessary, as has been demonstrated with petroleum spirits and kero¬ 
sene, and filtration through calcined bauxite, charcoal or silica gel may be found 
satisfactory, although the latter has bee^ .abandoned for treating the cracked 
spirit produced by the Cross plant at the Isle of Grain. 
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It must, of course, be remembered that there are other and highly important 
markets for benzole besides the motor spirit market and by no means all the 
benzole will be available for fuel use. Indeed the competition for benzole 
for other purposes may exercise a very important influence on price. To-day 
motor benzole is selling retail in London at just over 2/- per gallon, and when 
collected by the user at one large refinery at 1/9J per gallon, as against 1/6J 
for “ combine No. I. petrol, and a considerable quantity of petrol is being 
retailed at about 1/3 per gallon, and cracked spirit at the same or a slightly 
lower figure. 


NOTES ON BOOK^. 

-- f 

• Salesmanship. By G. A. J. Hopkins. London : The Louis Gassier Co., Ltd. 

A nation of shopkeepers can hardly afford to neglect th^ science and art of 
salesmanship, and several praiseworthy attempts have been made in recent years 
to educate salesmen. For instance, the Pottery and Glass Trades Benevolent 
Institution have held well-attended courses of lectures, at which salesmen were 
instructed in the processes of the trades ; and they were also taken round factories 
in order that they might see for themselves the works in actual operation. In 
another movement, connected with the L.C.C. Central School of Arts and Crafts, 
groups of salesmen were conducted round the museums, with the idea of 
familiarising them with beautiful objects and thus educating their tastes, in the 
fibpe that they would be eager to persuade their customers to buy the beautiful 
rather than inartistic goods. Movements of this sort are to be warmly 
encouraged : they cannot do any harm, and they may do a very great amount 
of good. 

Mr. Hopkins does not deal with this side of the question. His thesis is rather the 
personal relations between the commercial traveller and the buyer of his goods. 
We believe he has proved himself an exceedingly successful salesman, and in this 
volume he indicates the lines on which he has achieved success. His advice is very 
sensible—we should have said obvious, but forjthe recollection of certain com¬ 
mercial travellers whom we have met, and who would do well to mend their methods 
by studying those advocated by Mr. Hopkins. 

_U_ 


GENERAL NOTE. 

New Air Route in the Belgian Congo. —According to information received 
by the United States Trade Commissioner at Johannesburg, an air route wiU soon 
be inaugurated between Leopoldville and Elizabethville in the Belgian Congo. 
A special aeroplane designed for use in that region has been built for the Belgian 
state-aided Aerial Transport Co.; it is equipped with three engines and is designed 
to eliminate the ri^ of compulsory descents through engine failures. The machine 
will be employed in regular services, carrying passengers, mails and goods to and 
from remote tropical stations. At the present time it takes 45 days to cover' the 
1,200-mile distance between Leopoldville and Elizabethville, but by the proposed 
new service, the journey will be covered in two days. The plans of the company, 
arrange for the machines to be in communication with aerodromes during the whole 
ffight, by means of wireless tel^hdny. 
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Power Alcohol. 

For several years past the possibilities^pf alcohol as a fuel for internal com¬ 
bustion engines have been under consideration. It is recognised that alcohol 
is, so far, the only true artificial fuel—one which can be manufactured without 
having recourse to raw materials which are themselves natural fuels. It is- 
admitted that supplies of petroleum and of coal and like minerals, which to-day 
furnish all the liquid fuels suitable for use in internal combustion engines, are 
not inexhaustible ; that some day it seems certain fuel will have to be manu¬ 
factured from other raw material. Alcohol, in the light of to-day's knowledge,, 
is the only liquid which we actually know how to produce independently in 
quantities which are in any way capable of contributing materially to 
requirements. 

That alcohol, either alone, or better in admixture with other combustible 
liquids, is a practical fuel, with certain definite advantages, has been proved 
not only by experimental work but in the greater test of actual conunercial use.. 

That its great possibilities and the necessity for obtaining all possible informa¬ 
tion on its use, production and cost are so recognised officially was evidenced by 
the appointment in 1918 by Mr. Walter Long (afterwards Lord Long) of a 
Departmental Committee , to consider aaid report upon— 

I. Sources of supply, methods of manufacture and cost. 


930 
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2. Suitability, either alone, or in admixture, for use as a fuel for internal- 
combustion engines, and possible modifications for existing types of 
engines. 

;3. Questions of denaturing and altei;ations in Excise regulations. 

As the outcome of this Committee’s work Sir Frederick Nathan was appointed 
Power Alcohol Investigation Officer, and already three most valuable reports 
have been issued under the aegis of the Fuel Research Board. 

Credit must also be given to the far sighted policy of the Department of 
Scientific and Industrial Research, the Royal Automobile Club and Commercial 
I Motor Users* Association for providing considerable sums of money for research 
Work on the practical side of the use of alcohol as fuel. Few more valuable 
reports have been produced than that of the Empire Motor Fuels Committee, 
issued last year under the auspices of the Institution of Automobile Engineers, 
which contains the results of these researches. 

But, as very tritely expressed by S. W. Sparrow, of the U.S. Bureau of 
Standards when discussing the motor fuel problem—to bum a gallon of alcohol 
one thing is essential—a gallon of alcohol! 

‘ Alcohol to-day can be accepted as a fuel of proved merit; the only question 
for debate is whether it can be produced, or is likely to be produced in the near 
future, in quantities sufficient and at a price which will enable it to compete 
with success against its present rivals—^petrol and benzole. Restrictions on 
production, handling and distribution have been largely removed. 

The questions of possible yields from different sources and costs per gallon 
from various raw materials have been very freely discussed in many publications 
and memoirs. An excellent contribution to the known facts and reasoned 
criticism of the whole subject has been made by Mr. G. W. Monier-Williams 
in his treatise on " Power Alcohol." 

Briefly the conclusions which have been reached are that raw material of 
high food value (grain) is too valuable as food, that tubers and roots are more 
promising but the cost of growing and handling makes the cost of the alcohol 
high. The position ‘was summarised as follows in the first Report on Fuel for 
Motor Transport (Fuel Researqh Board):— 

" Considerations indicate that it is almost a necessity to use a waste 
material, or a natural product of little or no value apart from its possible 
utilisation as a source of alcohol." 

" In general, the production of. alcohol in any considerable quantity 
from vegetable material grown in the United Kingdom is*not economically 
possible.” 

In the second Report (1921) the possibilities of economical production in 
the British Dominions and Colonies are considered, the general conclusion being 
that:— 

”.It is unlikely that alcohol could be produced (by the methods 
considered in the Report) in exc^ of local needs, and at a price, when 
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freight to seaboard and to this country is included, at which it would find 
a market here.*' 

There are, however, certain other sources .which have already been utilised 
for commercial production or investigated. These include waste starchy 
material found in straw, and cellulosic material. Waste sulphite liquor from 
paper pulp mills has been successfully used—Canada, it is estimated, could 
produce some 5 million gallons per annum from this source. Wood waste 
(including sawdust) has been utilised somewhat extensively, but, according to 
the Second Memorandum on Fuel for Motor Transport (1921) *' can hardly 
be said to be commercially successful as yet." 

The production possible from the waste molasses from sugar refining through¬ 
out the Empire—^if the whole were available for power alcohol production— 
has been estimated as not exceeding 15 million gallons (2nd Memo. F.R.Bd.)— 
:a very small contribution to the requirements of motor fuel in the Empire, 
•excluding the mother country. 

The most promising source of cheap raw material lies in the prolific vegetation 
of tropical countries, which would furnish practically inexhaustible quantities 
of alcohol. Here in Nature's great laboratories the heat energy of the sun 
could be transformed into potential fuel in a few weeks or months. But the 
problem is are the resources of man's laboratories equal to the release of this 
fuel in a form suitable for use in internal combustion engines, in other words, 
as alcohol ? The process must be simple and economical and no such process 
has so far been devised. 

Even with the invention of such a process there are many subsidiary problems 
which would arise. The centres of manufacture would have to be located at 
the centre of production of the raw material, such low grade material would not 
bear handling and transport costs. Fuel for distillation and sufficiently cool 
water for satisfactory condensation would involve other problems. The 
transport of the finished alcohol would, as Monier-Williams points out, again 
present some difficulty. Taking the yields from a fair sized plant as one million 
gallons per annum—say 3,600 tons— a. small tank steamer would carry at least 
twice or three times this quantity and in all probability collection of the product 
would only be economically possible once or perhaps twice yearly. This 
implies considerable storage accommodation on the spot and in tropical 
countries some considerable loss by evaporation. 

Synthetic methods for manufacturing alcohol have been worked on a fairly 
•extensive scale, but up to the present synthetic alcohol does not .appear able 
to compete in price with fermentation alcohol. 

It is necessary to consider alcohol as fuel in relation to conditions to-day and 
in the future, as far as one can foresee the position of supplies of petrol.' So 
far there is no indication that the petroleum industry is going to fail for many 
years to come to meet the ever growing demands for petrol. JMonier-Williams, 
writing at a time when petrol was two-shillings and sixpence per gallon (without 
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the duty at that time charged) expressed the view that " even assuming the- 
raw material to cost nothing at all, it would be barely possible alcohol to- 
compete commercially with petrol provided that the supplies of the latter 
were adequate and the price were reducedl to the lowest possible level.'* To-day 
large quantities of good petrol are being retailed in this country at half the 
price mentioned above. , 

The position of alcohol as a fuel to-day, and one may safely add for a number 
of years to come, is that it is not possible to produce it at such a price that it 
can replace even an appreciable fraction of the petroleum product. By 
^tihcially fostering the production by bounties on alcohol production and import 
taxes on petrol it might be possible to create a competition, but no such action 
is at all likely to receive serious consideration from a British Government. 
Alcohol may truly be described as the young fuel with an undoubted future. 
It will come into its own only when its ciders—petrol and benzole—are 
becoming exhausted. Physiologically we recognise alcohol as a good stimulant 
and reviver—in its day it will play a similar role in fuel economy; it is not 
difficult to foresee a day when alcohol and derivitives of alcohol may be almost 
the sole liquid fuels available to man. Before that period is reached alcohol 
will certainly become a supplementary fuel to petrol and benzole, and fuel 
mixtures of these three, or more expecially of alcohol and benzole, all of proved 
practical value, are likely to find wide application as soon as the production of 
petrol suffers serious diminution and its price becomes consequently enhanced. 
Alcohol, moreover, has certain advantages as a component of fuel mixtures 
which will more than compensate in tnem for-an appreciably higher price of 
this ingredient. 

One of the most important questions relating to the use of alcohol for power 
purposes is that of denaturing—rendering the product permanently unfit 
for human consumption. Sir Charles Bedford in a paper before this Society 
in 1921 (J. R.S.A. 1921, 69 » 478) dealt comprehensively with this undoubtedly 
difficult problem. At first sight it appears a fairly simple matter to render 
alcohol non-potable, but actually it cannot be said that a. denaturant has yet 
been found which properly fulfils, all the many requirements. 

These have been set out by the Board of Customs and Excise and may be 
summarised as:— 

Complete solubility in alcohol, benzole and petrol and mixtures of these. 
Not easily removable. ^ 

Having a nauseous taste but not actiyely poisonous. 

Stable, and not acting corrosively on metals. 

Procurable in sufficient quantity and the cost not excessive or liable ta 
• wide fluctuations. . , 

In general crude wood naphtha (“ wood spirit") has been the most widely 
used denajturant and 10 per cent, of this rather complex product added to the 
dcphpl of fermentation constituted the old methylated spirit. This alone was 
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not found to prevent consumption entirely and later the excise regulations 
demanded the inclusion of a small quantity of mineral (coal tar) naphtha, 
(" mineralised methylated spirit.") a distinctive colour being given by a small 
qyantity of methyl violet. Pyridine and bone oil (which contains pyridine) 
liave been used in other countries in lieu of mineral naphtha, and many other 
•substances have been proposed. So important is the question of denaturation 
that a special Sub-Committee of the Empire Motor Fuels Committee was set up. 

One very imjiortant matter, as affecting importation of power alcohol between 
different countries in the Empire is the different methods of denaturing which 
are employed, and which would prevent entry of spirit because it did not comply 
with the system in vogue in the importing country. It is most desirable that 
a recognised denaturant should be sanctioned by agreement throughout the 
Empire. 

The increased price and drawbacks inherent to the use of crude wood naphtha 
led an Interdepartmental Committee to recommend in 1919 a reduction in 
the quantity employed in alcohol for power purposes, if petrol, benzole or other 
approved substances were employed in its stead. The Power Methylated 
Spirits Regulations (1921) stated that such spirit shall consist of alcohol of a 
strength not less than 66 per cent, over proof, to which has been added not 
less than 2.5 per cent, of wood naphtha, 0.5 per cent of crude pyridine, and 5 
per cent, of benzole. This must be coloured by the addition to every 1,000 
gallons of 0.75 ounces of Eosin and 0.25 ounces of " Spirit Red 3." Before 
removal from bond not less than 25 pep cent, of petrol, benzole or "other ap¬ 
proved substance " must be added under Excise supervision, unless the power 
spirit already contains not less than 25 per cent, of denatured ether. When 
so mixed the mixture may be handled and distributed without further restriction. 

The production of synthetic methyl alcohol is of importance in relation to 
power alcohol. Processes are actually being worken successfully in France and 
Germany for its manufacture from water gas and hydrogen, combination 
being effected in the desired way (C0-|-2H,-=CH30H) by the aid of a catalyst 
at pressures of 150-200 atmospheres. The Badische plant at Merseburg 
(Germany) was stated to be producing, in 1923,10 to 20 tons of methyl alcohol 
per day. 

Corrosion troubles, which have frequently occurred with methylated 
alcohol fuels, appear to be due to impurities in the wood naphtha (esters, 
which by hydrolysis produce acids). The use of s5mthetic methyl alcohol 
would eliminate such corrosion of tanks, pipes etc. 

Fire Risks with Motor Fuels. 

The danger of explosion and'fire with petrol is so well recognised that Regula¬ 
tions under the Petroleum Acts, and Bye-Laws by Local Authorities had of 
necessity to be passed, to control the ^fe transport, storage and handling of 
.inflammable spirits- It is a striking testimony to the able drafting of the 
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Regulations that accidents are almost unknown in this country. With the 
very wide distribution of motor spirit amongst a population which can have only 
a general knowledge of the inflammable character of motor spirit it is reoJly 
surprising that very few accidents have arisen. 

Explosion and fire risks are dependent upon the degree of volatility of the 
fuels, the minimiim quantity of vapour necessary to give an explosive mixture 
and the ignition point of the respective fuel-air mixtures. 

In considering these risks the flash point of the fuel is as useful as actual 
vapour pressure determinations of the relative volatility of the three most 
cbnunonly used fuels. Naturally, as all the commercial fuels are variable in 
composition, considerable variation in their flash points is found. From the 
work of J. H. Coste and Ormandy and Craven the following flash points ate 
taken. « 

Petrol— II to—30°C. Alcohol (95%) +15° to i8°C. 

Benzene —i2°C. Methyl alcohol 

Toluene +9 to 10°. Power alcohol -f-i® (5% benzol) • 

A motor benzole was found to flash readily in the writer’s laboratory at — g°C. 

The explosive limits for the three fuels—taking in each case the extreme- 
values found by different observers under any conditions of experiment—are ;— 



Min. 

Max. 

Petrols 

1.5 

6 per cent, (vapour) 

Benzene 

1.4 . 

7 5 n n 

Ethyl alcohol . 

356 

^8.0 „ ,, „ 

Methyl alcohol 

7.05 

36.5 M M 


The minimum quantity is, of course, the approximate measure of the con-^ 
centration of vapour with air when dangerous conditions exist. Petrol and. 
benzole are approximately the same, but the higher volatility of petrol deter¬ 
mines the minimum quantity of vapour being reached more readily, the 
risk, therefore, being undoubtedly greater with petrol than with benzole.. 
Alcohol is much safer than either of the others, even with the 5 per cent, benzole 
present in power spirit, for three reasons, thi? lower degree of volatility and the 
considerably higher minimum for the foijnation of an explosive mixture. ITie 
third reason is important: the,heavy creeping nature of petrol vapour, and 
to a slightly less extent of benzole vapour. Approximately the vapour from 
petrol is 3 times as dense as air, benzene, 2.5 times, alcohol 1.5 times. Formation 
of an inflammable mixture at floor levels, in pits, etc., is much more probable- 
with the heavier vapours, the diffusion upwards being relatively slow, and it is- 
well known that ignition of petrol vapour and benzole vapour has not in¬ 
frequently carried a flash back over considerable distances to containers, stills,, 
etc. 

The ignition temperature of fuel/air mixtures presents some difficulty for 
conriderable variation is found in the data for the same substances, variation 
arising from the method of determination employed. By totally different 
metb^ Harold li^re and Ricardo obtained the following ignition temperatures* 
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for petrol in air:—^36o-390°C. (Moore); 353-367^0. (Ricardo). For benzene/air 
mixtures Ricardo obtained 4i9°C. For ethyl alcohol 5i8®C. (Moore); 5i4°C. 
(Ricardo). 

Again, alcohol has a very marked advantage over both benzole and petrol, 
but, of course, with each of the fuels the ignition temperature of the fuel/air 
mixture is well below a flame or electric spark temperature. It is very necessary 
therefore, that no risks be taken with naked lights and all electric fuses and 
switches should be either outside a garage or store, or enclosed in gas tight 
cases. A point to which attention may well be drawn is the necessity for care 
in the condition of wandering leads on portable electric lamps in garages. A 
mechanically produced spark has also given rise to explosion. 

A risk of ignition which is not sulficiently known is that arising from electric 
charges being generated when petrol flows through rubber pipes and Richter 
many years ago showed that "benzoline" by friction with silk or wool 
produced a charge sufficient under favourable conditions to spark and ignite 
the vapours. 

Some very remarkable instances of fires resulting from static electrical charges 
developed by flowing petrol might be quoted. Several fires have for example 
occurred when filling tank wagons through rubber hose. Any waggon should 
be properly earthed—it is quite common to trail a chain on the ground. Again 
a metal nozzle should similarly be earthed—the use of armoured rubber hose, 
which is usual, ensures this. A further obvious precaution is to ensure good 
metallic contact between a filling nozzle and a tank which is being filled. If 
the tyres of an ordinary car are dry the car is very effectively insulated. Petrol 
flowing through a rubber hose and a spout not in contact with the petrol tank 
may develop dangerous conditions. It is important to ensure metallic con¬ 
nection between the filling spout and the tank. 

One final point in connection with the safety of others than the users of 
petrol is the danger of allowing^petrol, or similar fuels, to run down drains 
into sewers. Regulations prohifiit such a dangerous practice but it is obviously 
impossible in private garages to ensure observance of these regulations. It 
must be left to the individual to avoid this very dangerous proceeding. 

Physical Properties of Motor Fuels. 

Both the physical properties and the chemical constitution of motor spirits 
have important bearings on their qualities as fuels. 

Specific gravity is to-day a totally misleading property, although the fallacy 
of regarding it as a criterion of value still persists in many quarters. When 
practically all petrol was essentially of the paraffin hydrocarbon type, specific 
gravity was a fair criterion of quality, since the distillation range and the 
amount of highly volatile hydrocarbons present were approximately shown by 
low, medium or high gravity. To-day, when many petrols are pj the naphthenic 
type, and others contain a fairly high proportion of aromatic hydrocarbons, 
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such spirits may have just as high a degree of volatility yet be of high gravity 
as other spirits of much lower gravity. 

This point is well illustrated by the following comparison of three 
individual hydrocarbons of the three principal types found in petrols. 

Paraffin. Naphthkne. Aromatic. 

(Heptane) (Hexa-methylene) (Benzene) 

Boiling point 83-84X. 8i°C. 8o.5®C. 

Sp. gravity 0.70 0.81 0.88 

Boiling Range, or Distillation Range is certainly the best physical method 
of valuation and therefore is found in all standard specifications. These gener¬ 
ally lay down temperatures at which definite percentages should distil under 
standard conditions, and the final boiling point. Thus the British Engineering^ 
Standards Association specification for Motor Spirit ^ demands an 
initial boiling point not above 55°C.; that 20 per cent, shall distil below 
105°C., and the final boiling point shall not exceed 225°C. This is practically 
the same as the Standard American specification. 

Certainly all No. i Grade Motor Spirits marketed in this country to-day are 
of much higher grade than the specification and numerous distillation tests of 
samples of the various well-known brands show remarkable uniformity in respect 
to the distillation results. Ease of starting from cold is generally regarded as 
indicated by the temperature at which 20 per cent, distils, and the following 
are average figures for motor spirits of to-day. 

20% distils 
below. 

Aviation spirit .. .. .. .. 70-8o®C. 

No. I Petrol .. .. •. .. 85-90®. 

Motor Benzole .. .. '' .. .. 85®. 

Benzole/Petrol mixture ., .. .. 85®. 

For use under considerably reduced pressure, as in aviation, too high a vola¬ 
tility is often undesirable. Belgian aviation spirit actually had the lowest 
boiling constituents removed. 

Sparrow states that in experiments made in the U.S. Altitude Chamber, 
high volatility led to vaporisation in the fuel supply pipes, so upsetting carbura- 
tion, and finally stopping the engine, and that the rapid evaporation of a fuel 
of high latent heat of vaporisation led to such lowering of temperature that a 
fine snow was formed from the damp air and the engine ran very erratically, 
a trouble overcome by sufficient warmifig. 

The maximum boiling range, or proportion of the fuel distilling over above 
a certain arbitrary temperature involves some important considerations. It 
is very desirable to make this " end point" as high as practically possible 
because it meand an increased yield of petrol from a given crude 
oil.' 

The limitation to this end point is determined chiefly by the possibility of 
coibpletely burning the fuel. If the proportion of high boiling constituents is 




tat. 4, 15 ^ 5 . JOURNAL OF THE ROYAL SOCIETY OF ARTS. 938 


fairly high, owing to the failure of these portions to vaporise, combustion 
is incomplete, the heavier portions are absorbed by the lubricating oil and dilu¬ 
tion of the oil in the crank case occurs. 

The British Standard Specification for petrol at present gives a final boiling 
point of 225°C., but the average found is about i8o°C. for No. i Petrol in this 
country, and for Aviation Spirit about i40°C. In the United States the ordinary 
motor gasoline has an end point of about 220®C. 

These figures are reflected in the amount of crank case dilution. Nickinson 
found for a fleet of motor buses 2.5 per cent, in summer and 6.5 per cent, 
in winter. In the U.S. some recent figures indicated from 25-30 per cent. 

Viscosity. 

This has an important influence in determining the bore of a carburettor 
jet necessary to pass a given volume of liquid in unit time; thus at an average 
temperature such as might be expected under the bonnet of a car (30°C.) 
petrol and benzole have the same viscosity, whilst the viscosity of alcohol is 
such that a jet of the same bore would pass a little less than half the volume. 

A further important point is the change of viscosity of the fuels with change 
of temperature. On a cold day (engine cold) the volume of fuel passed 
is the minimum but the weight of air the maximum—that is, the mixture is 
weak. On a hot day, or when the engine is hot, the volume of fuel passed is 
appreciably greater, but the weight of air is much less—that is, the mixture is 
much stronger. This is just the opposite to what is desired, a rich mixture 
being required for starting with a cold engine, but when the engine is hot the 
best economy is obtained with a moderately weak mixture, and provision is of 
course made for adjusting the mixture strength. 

Moreover the change of viscosity with rise of temperature is very different 
with the three types of fuel, and this must appreciably influence the functioning 
of carburettors. From results obtained by Sorel for the weight of liquid 
passed by a standard capillary tube the following figures have been selected, 


water at 15® C. being taken as 100, 



Petrol. 

Benzole. 

Alcohol. 

At o®C. 100 

60 

22 

At 30X. u6 

116 

45 


Petrol shows a comparatively small increase but with benzole and alcohol 
almost double the quantity of liquid wa$« passed within a range of temperature 
likely to be met with in practice. 

Explosive Range. 

For an explosion to occur in a closed space, such as the cylinder of an engine, 
the fuel/air mixture must fall within certain limits of composition; a minimum 
of vapour (lower limit) must be reached, a maximum (upper limit) must not be 
exce^ed. In the case of petrol and benzole the range is comparatively narrow. 
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in the case of alcohol it is much wider. Adjustment of mixture strength to 
suit conditions is, therefore, strictly limited with the former fuels, but much 
wider scope is afforded with alcohol. 

Many conditions affect the lower and upper limits, such as whether combus¬ 
tion proceeds upwards, downwards or horizontally ; further, temperature and 
pressure have their influence. Again in a cylinder residual exhaust gases are 
present, whereas determinations of the range are made with a pure fuel/air 
mixture. The average explosive range for the three types of fuel are shown in 
Fjig. 2. 



FIG. 2. Explosive Range—Electrical Ignition. 

In practice the mixture range is even more restricted. It has been found 
that the weakest mixture capable of operating a single cylinder engine was 
80 per cent, of the theoretical mixture for complete combustion. With a 
purely paraffin petrol this would agree with about 3 per cent, by volume of 
vapour, which is considerably higher than the lower explosive limit for 
paraffin hydrocarbons. 

Calorific Value. 

There is a very considerable difference in the heat value of petrol, benzole 
and alcohol; variations naturally are found for each because of differences of 
composition in commercial grades, but the following are average " gross" 
figures :—^petrols, 20,000 ; benzole, 17,700; alcohol, 11,200 B.Th.U. per lb. 
Motor fuels are, however, bought by the gallon and obviously an advantage lies 
with those fuels of high specific gravity, as the following figures for petrols show. 
(Ricardo.) 

B.Th.U. (net). 

Spi gr. Pfer lb. Per gallon. 

0.704 i 9 » 2 y > i 35 » 5 oo 

0,727 19,120 137.000 

0.760 18,890 I 43 . 5 <x> 
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From the point of view of performance in the engine, however, the calorific 
value of the mixture admitted to the cylinder is of primary importance and 
this is def)endent upon the quantity of air requisite for the theoretically complete 
combustion of the fuel, a quantity readily calculated when the composition of 
the fuel is known. 


MANUFACTURING INDUSTRIES OF ARGENTINA; 

Most of the factories in Argentina producing manufactured goods are situated 
in or around Buenos Aires, which provides a consuming population of nearly 
2,000,000. Tlieir total output in quantity, quality, and variety has shown a 
notable expansion. The initial stimulus was, of course, given by the war, but 
various circumstances have combined to strengthen their position, such as the 
increased cost of production in other countries, the hesitancy of merchants to 
order'stocks ahead of the season from abroad in view of fluctuating prices, variations 
in exchange and uncertainty in deliveries, the relatively lower extent to which 
wages and taxes have increased in Argentina, and particularly, the increased 
protection for which all industries, prosperous or nascent, perpetually clamour and 
eventually receive. While no deliberately framed policy of protection has yet 
passed into law, the Commercial Secretary to H.M. Legation at Buenos Aires, 
points out in his recent annual report that the importation of many ranges of goods 
is precluded by high duties introduced fortuitously, such as the imposition of 
special protective rates of duty in committee, on certain classes of goc^s, and in 
addition an all-round increase of the tariff superimposed by Congress. This has 
occurred in the case of footwear, manufactures of rubber and lead, cement, con¬ 
fectionery, cigarettes, ready-made clothing and other articles. 

Importers of goods which go straight , to the consumer find local competition 
serious, but on examination it would appear that the growth of local industries 
offers more obstacles to German and continental exports than to those 
of the United Kingdom and United States. The leading British exports are 
restricted more by competition from the continent of Europe and from the United 
States than by the combined effect of the Argentine tariff and local competition. 
On the other hand, this combination has to a large extent shut out British groceries 
and provisions, confectionery, beverages, boots and shoes, brassware, leather 
goods, hats, brushware, soaps, wearing apparel and bedsteads, the last Wo items 
Wing examples of the substituted importation of the material, piece-goods and 
tubing, for the finished article. 

The increased production of cotton has led to the installation of ginning machines, 
mostly American, and a few weaving factories are installing spinning machinery 
which has already led to an agitation for increased duties on yams. The woollen 
industry with the raw material at hand is fairly extensive, producing heavy cashmeres 
for men's and women's suitings and the uniform cloths of the army, navy and police. 
Knitted hosiery and underwear from imported yams are the product of another 
group of factories; local production of wrapping paper and of paper and cardboard 
containers supplies most of the demand. Structural steelwork is produced behind 
a protective duty. The production of all classes of common ^d medium glassware 
and bottles has replaced large German and Belgian exports of these articles, but 
no china and earthenware is made. Furniture making has increased greatly com¬ 
pared with before the war, but in design and quality cannot bear comparison 
with European models, which the public are only forced to forego by high prices, 
freights and duties. 
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Although Argentine products are now much more known than formerly to the 
consumer the practice is still widespread qf presenting them as imitations of imported 
goods, even to the use of foreign languages. It is expected that the coming into 
force of the Merchandise Marks Act, requiri^ the equivalent of “ made in Argentina*' 
to be inscribed on locally made goods, tog^her with the comprehensive industrial 
exhibition held in December, 1924, will mark the diminution of this practice, and 
also the motive for it. 


PEAT RESOURCES OF POLAND. 

j The peat resources of Poland have not; yet been properly explored and valued, 
although estimates of a very general kind made before the war, as well as data 
collected in some provinces since the war (according to a report by the United 
States Consul at Warsaw), suggest that the total area of Polish peat fields amoifnts 
to 2.830,000 hectares (9,200 square miles), or 6.15 per cent, of the total area of the 
Country. 

The peat fields consist mainly of low bogs, and an investigation showed that the 
peat is of medium quality with a probable mean heating value of 3,000 calories per 
kilo (5,400 B. T. units per pound) when* dried to 25 per cent, moisture. One kilo 
of peat can be taken as equivalent to one-half kilo of average Polish coal, which 
has a heating value of 6,000 calories. The estimated total of peat resources, 
therefore, represents an equivalent of 1,500,000,000 metric tons of coal. 

Peat bogs are distributed over the entire country, but are particularly numerous 
in the eastern provinces, and are almost delusively worked for the production of 
household fuel in regions poor in wood and deprived of convenient communications 
with the Polish coal b^in. In view of ^e scarcity of other fuels, the consumption 
of peat showed an increa.se during the war and in the years immediately thereafter. 
It is again on the decline, however, and the lack of' statistical data renders it 
impossible to estimate even approximately the actual consumption. 

^nditions are favourable for the establishment of electric stations burning 
peat in the eastern provinces, which are sfeuated at a great distance from the coal 
basin and possess large peat fields. A high content of nitrogen, often exceeding 
2 per cent, of the dry matters, points to the advantages of peat gasification with 
recovery of nitrogen compounds. 


GENERAL NOTE. 


Fox Fakming. —Fox farms have been started in Scotland, Hertfordshire, and 
elsewhere, and, according to United Empire, the industry appears to hold out 
considerable promise for the investor prepared to devote time and attention to it. 
With the gradual increase in the numl^rs of breeding stock in this country, it is 
no longer necessary to purchase paits in Canada and incur the risk and expense 
of their transport across the sea; while the success in a recent sale when a pelt from 
a British farm topped the sales of the Hudson’s Bay Company in London, augurs 
vrell for the future possibilities of the industry. A fair price for a pair of good foxes 
appears to be aboet .;((25o ; the cost of feeding is about £10 per pair per annum ; 
and the construction cost of a ranch of ten pens is about £^00, The price of the 
pdts varies considerably, ranging from £ij^ to over £ioo. 
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The Fuel/Air Mixture. 

Some small variation in the quantity of air theoretically required is found 
for different petrols, benzoles, etc., but approximate figures are as follows :— 



Lbs. 

Cu. ft. at 6 o®F. 

Petrols 

15 

197 

Benzoles 

13-3' 

174 

Alcohol 

8.5 ■ 

T12 


On the basis of these figures and those for the net calorific value of the three 
fuels, the approximate calorific values per cu.ft. of mixture (at 6o°F.) are cal-, 
culated as given below, together with figures given by Ricardo expressing in 
terms of ft.-lb. of energy the corresponding facts. 

Net calorific value of Heat of combustion per 
mixture at 60®cu. in. of mixture. 

Petrol/air 95 cals. 46 ft-lbs. 

llenzole/air 97 „ 47 .. 

Alcohol/air 87.5 „ 44 

It is to be expected, therefore, that little difference will be found in the 
behaviour of fuels of each class in practice, and Ricardo’s experiments indicated 
that for volatile hydrocarbon fuels the poWer output was substantially the 
same. With alcohol fuels, because mai^y of evaporation partly taking place 
during the compression stroke and the higher latent heat of vaporisation, 
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the temperature of the cycle is lower and the power output thereby somewhat 
increased. The thermal cfliciency obtained with ethyl alcohol at all compres¬ 
sion ratios was found to be about 2.5 per cent, higher than for hydrocarbon 
fuels. The consumption of fuel, however, will be different for each, particularly 
for alcohol; in a given engine for a given power it will be from 1.5 to 2 times 
greater than for petrol. 

The maximum power output is found usually with mixtures slightly richer 
than the theoretical, whilst the maximum thermal efficiency (indicating higher 
fuel economy) is found wnth mixtures having a fuel/air ration of about 1/17. 
In general,carburettors arc adjusted to give a mixture richer than the theoretical, 
certain advantages being thereby gained, (easier cold starting, better accelera¬ 
tion and higher power output) but at the expense of economy. Over-richnes^, 
however, leads to incomplete combustion, carbon monoxide being formed, 
entailing very considerable losses of heat units, thus 4.5 per cent, of carbon 
monoxide in the exhaust gases means a 20 per cent, waste of fuel. 

Whilst the greatest fuel economy is obtained with weaker mixtures, starting 
from cold cannot be made with any mixture much below the theoretical; again 
weak mixtures are slow burning and combustion may not be completed before 
the end of the stroke, and there is the further difficulty with multi-cylinder 
engines of distribution of a uniform mixture to every cylinder, one or more 
more may not always fill with a mixture of sufficient richness to fire 
properly, and failure in this will lead to uneven running. 

The effect of mixture strength on power output and thermal efficiency is 
well illustrated by the work of Fieldner and Jones, in the Pittsburg Experi¬ 
mental Station of the U.S. Bureau of Mines. Some selected curves are given in 
Fig- 3 - 

Employing the usual methods of exhaust gas analysis, both in bench tests 
on engines, and with portable analysis apparatus on cars on the road under 
all conditions, some valuable data has been obtained. With petrol, the theo¬ 
retical carbon dioxide in the exhaust should be 14-15 per cent. ; in a very ex¬ 
haustive series of tests in the United States it was found to range, with few 
exceptions, between 7-12 per cent., and the average carbon monoxide from 6-7 
per cent., indicating about 30 per cent.twaste of fuel. Very great improvement 
was obtained by adjusting the carbu^ttors on the gas analysis, good result 
being reported for a carbon dioxide content of 13.7 to 14.7 per cent. 

From the analysis of the exhaust gases from a single cylinder engine W. 
Watson found the maximum of carbon dioxide at the following air ratios— 
petrol, 15 lbs.; benzole, 13.8 lbs.; alcohol, 8.2 lbs. 

The production of carbon monoxide may, imder some circumstances, become 
a danger, and several fatal accidents have arisen in garages. The atmosphere 
may become so charged with this odourless gas that, without warning, a person 
may' drop unconscious, and, if assistance is not rendered, may succumb. 
Absorption by the blood is slow and there is, therefore, some difficulty in ascer- 
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I'lG. 3. —Thermal and mechanical efficiency with petrol/air 
mixtures richer and poorer than theoretical (15 lbs. air per lb. 

(petrol). . 

taining the exact danger concentrations, but 0.2 per cent, is regarded as 
dangerous,” and 0.4 per cent, will produce unconsciousness and may be 
fatal if breathed for one hour. 

W. P. Yant (U.S. Bureau of Mines) states that ” The average automobile 
will create an atmosphere containing 0.5 to 0.7 per cent, of carbon monoxide 
in 8 to 10 minutes in a closed garage of 1,500 c.ft. capacity. 

Composition of Fuels and Efficiency. , 

. On theoretical grounds the thermal and mechanical efficiency of an internal 
combustion engine should be greater the higher the degree of compression of 
the fuel/air mixture, and in practice this is well recognised to be the case. 

Ricardo, with the variable compression engine, described later, demonstrated 
for example that with a particular fuel the Indicated Thermal Efficiency of 
27.7 per cent, was obtained with a compression ratio of 4-1, and 37.5 per cent, 
with the ratio increased to 7-1; a gain of 36 per cent. 
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As the compression of the fuel/air mixture rapidly raises the temperature 
of the charge, it follows that if the compression of the mixture is sufficiently 
high the charge will pre-ignite. The liability to pre-ignition would appear 
therefore, to be directly related to the ignition point of the fuel/air mixtures. 
By adiabatic compression Ricardo obtained the following ignition temperatures 
petrols 353-367°; benzene, 419° ; tpluene, 422° ; ethyl alcohol, 5i4®C. 

Another phenomenon, detonation, usually takes place before pre-ignition, 
giving rise to the “ pinking,'* known to most motorists, and Ricardo has shown 
that persistent pinking often gives rise to true pre-ignition. Detonation is 
due to the extremely rapid explosion of the part of the charge left after 
the more or less progressively rapid combustion of the first portions. No really 
satisfactory explanation of the phenomena has been given. Ricardo, as the 
result of experiments on the effect of diluting the mixture with inert gases, was 
led to discard the earlier views that detonation was a function of temperature 
and pressure of compression, but appears to be a function of the temperature, 
and pressure of combustion. Tizard regards it as a function of flame tempera¬ 
ture. 

There does not appear to be any direct connection between the ignition 
temperature of the mixture and its tendency to detonate. Thus Ricardo 
found that carbon di-sulphide, with the low ignition point (with air) of 275°C., 
would stand compression to a ratio of 5.15/1, whilst an aromatic free petrol 
with an ignition point (with air) of 353®C. gave detonation with a compression 
ratio of 4.85/1. 

The reason for this anomaly may possibly be the rate at which the initial 
combustion reaction speeds up to the point of detonation; and this appears 
to increase rapidly with rise of temperature. A parallel is perhaps to be found 
with explosives. A large mass of guncotton, for example, will bum rapidly 
when ignited, the combustion speeds up and finally the point of detonation is 
reached. The powerful effect of fulminate of mercury in setting up detonation 
in high explosives is not due to its power, or to its rate of detonation, which is 
slow compared to guncotton or nitroglycerine , but to the rapid increase in the 
velocity of explosion from the moment of ignition imtil the true detonation 
wave is developed. The initial rate of explosion of mercury fulminate is 
Stated to be 10 metres per second, but it reach^ its “ normal " rate of 4,000 
meters per second in one three-thousandth of a second. 

Physical conditions will largely influence the tendency to detonate. Thus 
the distance the flame has to travel;, ]thi$ being largely determined by the size 
and shape of the combustion space, and the position of the firing plugs. The 
turbulence in the mixture also is a big factor, good turbulence reducing the 
tendency to detonation; turbulence will be greatly influenced by the position 
.of the inlet ports and by the piston speed. Hence with reduced speed on 
hills the tendency to knock is increased. 

Further the tendency to detonate will be greatest with fast burning mixtures; 
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weak mixtures and over-rich mixtures being less liable to give detonation 
because of their slower rate of combustion. 

Certainly, however, one of the most important lines of research on the 
internal combustion engine has been the work of H. R. Ricardo, on the 
effect which the composition of the fuel has on the liability to detonation; 
because it has pointed the way to increased efficiencies by suitable choice of 
fuels, or blending of fuels, and has led to the discovery of compounds with 
remarkable anti-detonating characters. 

Using an ingeniously constructed engine which allowed compression to be 
varied between the ratios 3.7:1 and 8:1 whilst running at full power and without 
alteration of any other conditions, Ricardo was able to study the combustion 
characteristics of the principal components of motor fuels. 



Fig. 4. —Ricardo Variable Compression Engine. 

A diagrammatic section *of the engine is shown in Fig. 4. The compression 
ratio was varied by raising or lowering the whole cylinder, including also the 
carburettor, cam-shaft and valve gear, by means of the handwheel (A) shown 
on the right of the illustration. Rotating this wheel rotated the collar (B) 
working in a groove. This collar, working on a thread on the outer wall of 
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the cylinder, raised or lowered the whole cylinder and its adjuncts. A locking 
device prevented movement when the desired compression had been obtained. 

It was demonstrated that the efficiency of all hydrocarbon fuels was the same 
at the same compression ratio, provided the compression was low enough to 
^ avoid detonation under any circumstances, and the power output was also in 
agreement at the same compressions to within 2 per cent. Alcohol formed an 
exception, chiefly owing to its high latent heat of vaporisation (nearly 3 times 
that of petrol) giving greater cooling of the charge, so increasing the volumetric 
efficiency and consequently the power. 

Latent Heat of Evap- Fall in TemptTatiiro of 
oration (Calories per Mixture due to Latent 



gram). 

Heat (Degrees C.) 

Hexane 

86.6 

21.0° 

Benzene 

95-5 

26.0° 

Ethyl Alcohol 

220.5 

83.0° 

Methyl Alcohol 

284.4 

140.0*’ 


If it is possible to increa.se the compression without producing detonation or 
pre-ignition then the fuel may be more economically employed. Herein lies 
the great value of Ricardo's work, for he has been able to establish the highest 
useful compression ratio for different types of hydrocarbons and alcohol and 
mixtures of the.se. 

The Highest U.seful Compression Ratio (H.U.C.R.) is not the highest compres¬ 
sion the fuel/air mixture will bear under any conditions, but the highest it is 
desirable to employ in practice. 

The actual compression at which detonation becomes serious varies somewhat 
with different mixture strengths and with the ignition timinff,^ 

The following table summarises Ricardo’s results for the different types of 
motor fuels. 

Highest Useful Corresponding Minimum con 

Compression Ratio, thermal efficiency. sumption at 

H.U.C.R. 

Pints per B.H.P. 

Petrols 4*55/1 to 6.0/1 30.2 to 34.9 0.402 to 0.4S4 

Benzene (98%) 6.9/1 37.2 0.335 

Alcohol (98%) 7-5/1* 40*4 0.533 

Methylated spirit b.5/1* 38.5 0.609 

♦Detonation not actually reached. 

The examination of different hydrocarbons of the same class (some of approxi¬ 
mate purity only), of hydrocarbons of different series and alcohols, enabled 
the order of liability to detonation to be stated as follows—paraffins, cyclo¬ 
paraffins (naphthene hydrocarbons), aromatic hydrocarbons, alcohol. 

It was found, moreover, that in mixtures the liability to detonation was 
generally a straight line function of the proportions of the different classes of 
hydrocarbons present. Ricardo gave the results for a series of petrols 
contfioiiing various proportions of paraffinsi naphthenes and aromatic 
hydrocartens in Table III, 
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Table III. 

Composition of Petrols in Relation to Compression and Consumption. 

(Ricardo.) 


INDEX 

NO. 

1 Approximate 

1 

1 

C on^) 05 ition. 

Hifihest useful 
Compression 
Ratio. 

Temperature 

at 

H.U.C.R. • 

Consumption at H.U.C.R. 
per H.H.P. Iwur. 


j Paraffins 

Naph tbenes \ A roniatics 

“C. 1 

! 

Lbs. 

Pints 

7 

; 26 

35 

39 

6.0 

430 

0-393 

0.402 

8 

10 

85 

5 

5-9 

428 

0.389 

0.405 

1 

i 62 

23 

15 

5*7 

422 

0.393 

0435 

6 

3 « 

47 

15 

5*35 

410 

0.407 

0.428 

3 

68 

1 

20 

12 

4-7 

387 . 

0.435 

0.484 

X 

: 

35 

1-7 

485 

392 . 

0.422 

0.471 


X.- A petrol from which aromatic hydrocarbons had been removed. 


The analytical results for the quantity of naphthenes present must be taken 
as very approximate, since no accurate method of determining these is known 
Thfe may account lor the considerable difference in the H.U.C.R. for Nos. i 
and 3 whilst the analyses are in close agreement, almost within the limits of 
analytical error. 

That benzene, cither alone or in admixture with jx^trol, frequently enabled 
an engine which was giving detonation trouble with petrol, to run for some 
considerable time without decarbonising, was well-known to most motorists. 
Ricardo's work has emphasised the advantages of a motor spirit containing 
a fair proportion of benzene and its homologues. In comparing the three 
liydrocarbons q£ the aromatic series ^y^ich fall within the range for motor 
spirits, Ricardo found that toluene was most efficient for preventing detonation 
and proposed a relative value for this character of different hydrocarbons, which 
he termed the “ toluene value.” Toluene with a value of 100 is the standard, 
xylene has a value of 85 and benzene of 67. In the British Engineering Stan¬ 
dards Association specifications a ” toluene value ” for aviation spirit is laid 
down, in agreement with the specification of the Royal Air Force. 

Work of U.S.A. Investig.ators. 

The problem of detonation and anti-detonating fuels and compounds has 
been widely investigated in the United States, and more particularly by 
Midgley and Boyd. Their apparatus was very ingenious, a single cylinder air 
cooled engine with four detachable heads which enabled compression ratios 
3 87:1, 4.59:1, and 5 36:1 to be obtained. The detonation wasquanti- 
tatively measured by causing a circuit in a continuous current* system with 
water electrolysis apparatus in the circuit, to be closed, so generating a measur¬ 
able quantity of gas. On top of the cylinder of the engine a cylinder was fitted 
carrying a piston, and resting on this piston was a “ bouncing pin,'* above 
which a pair of contact points were fixed, these being in the continuous current 
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circuit. The piston was held down by a powerful adjustable spring. With 
normal combustion the piston was only raised slightly and the bouncing pin 
did not engage the make and break. When a detonation occurred contact 
was made and electrolysis took place. 

Midgley and Boyd used kerosene instead of petrol because detonation 
can be induced at lower pressures. As a standard for comparison, kerosene 
and xylidine mixtures were used, it being well known that aromatic amines were 
much more potent as knock-reducers than the aromatic hydrocarbons. One 
per cent, of xylidine added to a fuel with detonating tendencies enables the 
compression to be raised about lo lbs. 

As a result of these experiments it was shown that xylene was better than 
toluene and the latter better than benzene. Alcohol was much better than 
either. • 

The addition of small amounts of aromatic hydrocarbons to paraffin fuels was 
found to have but a small effect in suppressing detonation, and Midgley and 
Boyd concluded that not less than 20 per cent, of benzene was required to be 
effective. 

The relative value of xylene, toluene and benzene is evidently open to some 
question in view of the contradictory results of Ricardo and of Midgley and Boyd. 
As pointed out by S. W. Sparrow, in two cases Ricardo obtained widely diver¬ 
gent toluene values for the same fuels. In one case the variable compression 
engine gave a toluene value of 28, and the same fuel in a super-charging engine 
18; in the other case the respective values were 35 and 24. In practically 
all other cases the agreement was very good, but in view of these considerations 
it would appear that the adoption of toluene'as the standard of reference 
was perhaps premature. 

One of the natural outcomes of these results has been the investigation of a 
large number of substances which might have still better anti-detonating 
characters, and several (not themselves actual fuels) have been discovered. 
The following table summarises some of Midgley's results. 

G)mpound. Corresponding per Corresponding number of molc- 

cent. by volume. cules of theoretical fuel/air 
mixture to one molecule of 
anti-detonator. 


Benzene 

25 

150 

Ethyl iodide 

1.6 

2.150 

Xylidine 

2.0 

2,600 

Tin tetra-ethyl 

1.2 

7,100 

Selenium di-ethyl 

0.4 

IL 750 

Tellurium di-ethyl 

O.I 

50,000 

Lead tetra-ethyl * 

0.04 

215,000 


In addition to ^Udine several other nitrogen compounds are effective. For 
example, aniline, but the primary and secondary amines, particularly dipheny- 
lamine, are the most effective of this class. 
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On the other hand certain compounds will induce detonation, thus oi^anic 
nitrates and nitrites—^isopropyl nitrite being a good example. An engine runi 
ning quietly on a benzene-petrol mixture will begin to detonate if a bottle cf 
this compound is held near enough to the air intake for the vapours to be drawn 
in, the same effect being produced if a little of the compound is dissolved in the 
fuel. One gram molecule of isopropyl nitrite has a knock-inducing effect 
equal to the anti-knock effect of about one tenth of a gram molecule of lead 
tetraethyl. 

No satisfactory explanation has been suggested of the action of these 
almost infinitesimal quantities of certain compounds in suppressing or 
inducing detonation. 

A point of particular interest is that the addition of such a powerful anti¬ 
knock as lead tetraethyl certainly does not raise the spontaneous ignition 
temperature of a fuel, neither do knock-inducers lower it, indeed Ormandy and 
Craven have stated that the effect of either is directly the reverse. 

The discovery of the remarkable effects of these anti-knock compounds 
quickly led to the practical application of the most effective of them, lead tetra¬ 
ethyl. It was stated in 1924 that 200 million gallons of gasoline containing 
the compound had been distributed in the previous two years from some 20,000 
filling stations in the United States. 

Used alone, trouble has arisen from the deposition of lead on sparking plugs, 
etc. The trouble has been overcome by adding small quantities of volatile 
organic halogen compounds, so that on combustion the lead is mainly converted 
to lead chloride or lead bromide, and is mostly blown out with the exhaust 
gases. 

Ethyl fluid is the commercial name for the concentrated solution of the 
lead tetraethyl and ethylene dibromide which is distributed in small sealed 
cylinders which can be punctured through the cap in a special adjunct to the 
petrol supply. The liquid is specially coloured to distinguish it, because of 
its highly poisonous properties. 

Ethyl Gasoline is the ordinary motor gasoline to which the ethyl fluid has 
been added, approximately in the proportion of 3c.c. of lead tetraethyl and 2c.c. 
of the halogen compoimd—ethylene dibromide or trichloroethylene to the 
American gallon. This approximates to about 0.06 per cent, by volume of 
the tetraethyl and 0.04 per cent, of ethylene dibromide. 

Poisonous Effects of Lead Tetraethyi-. 

Unfortunately the manufacture of the compound has led to some fatalities, 
and several non-fatal cases of poisoning, and at the end of 1924 it was stated 
that no more “ ethyl gas '* would be placed dn sale for a time, pending the 
reports of Committees conducting investigations of the risks involved in manu¬ 
facture and to users. It is stated to be about one twenty-fifth as toxic as 
mustard gas. It finds entry to the system through the fatty tissues and is 
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d/epositcd in various parts of the body including the brain. The effect is not 
cumulative, however, as with most lead poisoning. This poisonous character 
of lead tetraethyl is certainly a drawback from the point of view of manufacture 
and distribution, but now that this danger is realised there seems no reason 
wl^y methods which were successful for the manufacture of highly toxic war 
gases should not be equally applicable in this case. 

There is another but distinct aspect of .this question—the dangers from lead 
compounds in the exhaust gases. This question has been investigated by a 
strong Committee of experts in the United States and a valuable report has been 
issued (Dept, of Interior; Bur. of Mines, No. 2661). The main conclusion 
was that no indication of plumbism was found in any of the animals (over 
100) used, although they were exposed for 188 days during a period of approxi¬ 
mately 8 months to exhaust gases from ethyl gasoline in concentrations with 
respect to lead content that are several times that allowable*from the stand¬ 
point of the carbon monoxide." The risk of the public from the use of lead 
tetraethyl still seems to be an open question, for an announcement was made 
in May that sales had been suspended pending a conference called at the 
instance of the Surgeon-General of the United States. 

The bulk of the lead compounds condense in the exhaust pipes and silencer, 
80 per cent, being so deposited in one series of tests. Experiments with men 
showed that 75 per cent, of the very fine lead fumes inhaled was again expired 
and of the 25 per cent, not so disposed of a considerable part was eliminated in 
the secretions and by expectoration. 

Care would naturally have to be taken in dealing with the deposit in the 
silencer, etc., and when decarbonising. 

The discovery of these compounds with such high anti-detonating properties 
undoubtedly marks almost an era in the development of internal combustion 
engines. Already an experimental motor with high compression has been built 
in which the miles per gallon of petrol have been raised from 16 to 31.5 m.p.g. 

The development of special motors, to use such fuels must, of course, be 
dependent upon supplies of suitable fuel being always available ; the distribu¬ 
tion arrangements must be on as universal a scale as for ordinary petrol. Yet 
such anti-detonating fuels may be of service with motors of the ordinary com¬ 
pression ratios, because decarbonisation may be at less frequent intervals, 
although this may not be an entirely sound proceeding. 

Where, however, special provision of fuels containing anti-knock compounds 
can be arranged with certainty of maintaining supplies, their use may have 
important developments. Thus, for air-craft, expecially for military purposes, 
there are possibilities of considerably increasing engine efficiency. Again 
for naval purposes anti-detonating fuels should prove of value, especially with 
craft using higher range distillates than ordinary petrol, it being well known 
that the tendency, to detonation is higher the higher, the boiling range of the 
paraffin hydro-carbons. 
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There is a production question of some importance, the provision of bromine 
for the manufacture of lead tetraethyl. In time of war doubtless large quan¬ 
tities of bromine will be required for poison gas manufacture, and during the 
late war difficulties were experienced in meeting the requirements. The 
recent announcement that the Ethyl Gas Corporation of New York had fitted 
out a ship for the production of bromine at sea—a floating chemical works— 
is of some interest in this connexion. 

Mixed Fuels. 

But brief consideration can be given to some of the more important points in 
connexion with these. Almost all possible combinations of volatile combus¬ 
tible liquids have been granted patents, yet the number of patented mixtures 
continues to grow. Ormandy has wittily described them as “ the type of patent 
which adds to the gaiety of an otherwise sombre publication.*' It certainly 
seems possible to obtain a patent for any mixture, provided someone has 
not previously obtained protection for the same ingredients in practically 
the same proportion, or for a mixture in which some small amount of a new 
substance is introduced for which some specific virtue is claimed. The large 
majority die natural deaths; in the minority are few which it is worth any¬ 
one's money to contest. How many would stand up to the challenge of the 
law courts is problematical. 

Although a very large number of mixtures have been suggested, the 
principal may be classified as :— 

1. Hydrocarbons only: e.g., petrol/benzolc; petrol/tetralin; petrol/ 
berizole/tetralin. 

2. Hydrocarbon-Alcohol : e.g., petrol/alcohol; benzole/alcohol, petrol/ 

benzole/alcohol. 

3. Alcohol with no Hydrocarbons : le.g., alcohol/ether. 

The use of petrol/benzole mixture (usually equal volumes) is now very 
general. The advantage of the benzole has been amply demonstrated by 
experience and by Ricardo's researches. One point only requires mention, 
the separation of small quantities of water when the mixture is made. A 
gallon of benzene saturated with water at I 3 ®C. contains 2.45CC. water. Much 
of this is thrown out of solution when the petrol is added. Proper settling must 
be allowed for few commercial benzoles are " dry." Where a mixture has been 
made in the tank of a car trouble from water collecting in the carburettor 
has not infrequently occurred. * 

Tetralin (tetrahydro-naphthalene) has been used fairly extensively in Ger¬ 
many. " Tetralinbenzin " is a mixture with petrol; experience shows that 
less than 50 per cent, of tetralin should be*present. Another mixture appears 
to have been officially adopted as " Natidhal Motor Spirit" (Reichkraftstoff) 
and consists approximately of benzole, 50 per cent., alcohol, 25 per cent., 
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tetralin, 25 per cent. Sir Frederick Nathan has given a full account of tetralin 
wd its mixtures in Fuel, (1924, 3. 346). 

Alcohol-Hydrocarbon mixtures present difficulties owing to the liability of 
separation of constituents, particularly at low temperatures, when water is 
present. Commercial power alcohol never contains less than 5 per cent, 
of water. Addition of petrol or of benzole is only possible within rather 
restricted ranges without the separation of constituents. Benzole is much 
better than petrol in this respect. Ninety per cent, aqueous alcohol will 
dissolve about four times its weight of benzene but only one third of its 
weight of hexane. 

The use of a third substance to increase the stable mixture range has been 
suggested, and higher alcohols—such as butyl and amyl, which are constituents 
of " fusel oil"—have proved the best materials. Ormaridy and Craven, who 
have investigated these solubility problems, point out, however, that to add 
10 per cent, of alcohol to Pratts No. i Spirit at I5°C. the alcohol would have 
to have a strength of 95.8 per cent, by weight; if 5 per cent, of amyl alcohol 
were also used it would only enable the alcohol strength to be reduced to 
93.2 per cent. 

So difficult is this problem of separation due to the presence of water that 
much attention has been given, particularly in France, to the possibilities of 
producing anhydrous alcohol at a sufficiently cheap rate to render its use 
feasible. It has been reported that one firm in France has arranged plant for 
the production of 22,000 gallons per day. 

Alcohol mixtures for aviation have been investigated by the Bureau of 
Aeronautics, Navy Department, U.S.A. H. A. Gardner states that a 30/70 
alcohol/gasoline mixture showed turbidity at —46 to —6o®C. The presence 
of 0.5 per cent, of water raised the turbidity point to —io®C. He also pointed 
out the hygroscopic character of absolute alcohol mixtures, quoting a case 
where 10 hours exposure to damp air caused sufficient water absorption to 
produce separation. 

A proportion of benzene enables a^cohol/petrol/benzene mixtures of a fair 
range of stability to be made, thus the addition of 15 per cent, of benzene to 
67 per cent, of 95 per cent, alcohol and 33 per cent, of petrol is stated to give 
a mixture stable down to—^5°C. 

Alcohol mixture fuels have been subjected to extensive tests in both experi¬ 
mental engines and under the more severe test of service conditions and many 
mixtures have given excellent results. In particular, mention should be made 
of the series of tests made by the Lcmdon General Omnibus Company and those 
made on air-craft engines on " Alcogas " in the United States. An alcohol/ 
petrol/benzole mixture Discol '*) is in use in London. In South Africa 
laiige quantities of an alcohol/ether mixture (*' Natalite '*) have been used. 

The practical worth of the mixture^ and their general advantage of with¬ 
standing high compression and so giving good efficiencies has been amply 
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demonstrated. One important point remains for consideration, continuity 
of supply. Particularly is this vital in war time. Alcohol is in large demand 
for the manufacture of explosives. It Was stated that in the later stages of 
the Great War the requirements were some 1,200 tons weekly. The shortage 
qf alcohol was generally known, also the fact that the Government had to reserve 
all stocks. Under similar circumstances could it be expected that alcohol 
would be available for fuel ? 

Whilst in peace time the use of mixture fuels is advantageous, the very impor¬ 
tant question of supplies in war time of fuels suitable to the type of engine in 
use must be ensured, for motor transport is to-day essential to the fighting 
forces and the non-combatant population. It will be of no use if special types 
of engines suitable only for particular types of fuel are developed in peace time, 
if in war time the demand on the ingredients is so great for other purposes that 
the special fuels are not available. On the other hand there can be no question 
of the desirability of developing home production of benzole to the highest 
possible output. Motor benzole contains a considerable proportion of toluene, 
for which the demand would be great in war time, another good reason for the 
establishment of benzole production on the largest possible scale, for there 
should be a large benzene surplus after the toluene demand had been met. 


COMMERCIAL CONDITIONS IN CHIENGMAI (SIAM). 

In reporting on the trade and commerce of his district, H.M. Consul-General at 
Chiengmai points out that the Chiengmai Consular District comprises two Siamese 
Provinces, Payab and Maharat. The population is about one and a half million, 
including upwards of 16,000 British subjects, mostly Burmese and Shans. There are 
some 2,000 Indians and about 100 European subjects. The district is entirely 
inland. 

The only trade statistics obtainable are still those showing the trans-frontier 
trade with Burma, supplied by the Commissioner of Settlements and Land Records, 
Rangoon. At the present time this trans-frontier trade has ceased to be, as it once 
was, the principal trade of the district (exclusive of teak). Now most of the trade 
is carried by rail. 

Trade with the Southern Shan States, particularly Kengtung, has greatly increased 
of late years, and a constant stream of pony and bullock caravans may be seen 
passing along the road which leads northwards to Kengtung. Unfortunately no 
statistics of this trade are kept. Some of the goods carried by this road are destined 
for Yunnan, so that Bangkok is to-day a seaport not only for some of the British 
Shan States, but even for parts of China. 

Imports. —Cotton manufactures are the principal article of import from Burma, 
-and the same may be said vdth regard to goods brought up by rail. The total 
value of cotton manufactures imported by all routes is estimated at somewhere 
about £2^0,600. The goods are mostly British. 

Among other articles imported by rail are petroleum and petrol, motor vehicles, 
matches, china and glassware, cutlery, etc. 
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Motor vehicles (cars, -buses and idmes) are now imported almost every week, 
the total number already in Chiengmai being over 90—a good number for a place 
where the road mileage permanently available for traffic is only about 50 miles. 

Exports.— Teak .—Teak logs, mostly belonging to British firms, are exported 
from the district by the simple method of floating them down the various rivers. 
The annual value of logs floated each year down the rivers which flow south is about 

1,000,000. The Salween river receives about one-tenth of these, all worked by 
a British firm. The Mekong river is the channel for rather more logs than the 
Salween, practically all worked by a French firm. The teak industry is the life 
and soul of Northern Siam. Where teak is worked there is prosperity and progress ; 
in other places comparative stagnation. 

During the financial year ending Match 31st. 1924, 111,184 logs pa.ssed the duty 
station at Paknampho, and 14,500 paid duty to the officer in charge of the Mekong 
forests. These figures are good, but cannot be taken as an indication of the number 
of logs actual]}' extracted during any given year. As for Paknampho, many* logs 
do not reach that station for several years after they have beqn extracted from’the 
forests. 

IHce.—Oi late years a constantly increasing amount of paddy.has been exported 
by rail. There are, moreover, now' several rice-mills in the district which export 
husked rice. In many places Chinese speculators purchase the crops ahead, and 
there is a tendency to sell too much, the margin retained for food being insufficient. 
Some districts have been on the verge of famine once or twice. The rice export 
busine.ss has given a stimulus to agriculture, and a great deal of waste or jungle 
land is lx?ing reclaimed for cultivation. 

Siicklac.— During the last two years there has been a small Ixioin in the cultix a- 
tion and export of sticklac. Experiments are lieing made in cultivating it on 
various kinds of trees on which it has not hitherto l>een produced. It is a very 
eas}- and profitable industry. 

Silk Piece-goods.- The export of Chiengmai silk, which is both durablt* in quality 
and artistic in design, is increasing. . In 1923 raw silk worth over £1 1,000 was im¬ 
ported from, and over /!8,ooo worth of manufactured piece-goods were exported 
to, Burma. The amount sent to Bangkok is far greater than this, and the demand 
is steadily increasing. Chiengmai silk skirts are now the recognised costume for 
Siamese ladies of good position. 

Communications.— During the period under review the State railway maintained 
a very regular and efficient service both of pjissengers and freight, ('omplaints, 
except as to the high rates charged, are now rarely heard. 

Steady, though very slow, progress is being made in extending the various roads 
ending from Chiengmai to neighlxjuring villages, as well as in the extension of the 
Lampang-Muang Ngao road towards Chiengrai. Motor vehicles actually ran 
more or less regularly to ('hiengrai between I'lecemlxjr, 1923 and April, 192but 
a single shower of rain is enough to make the northern part of the road impassable. 

. The new steel bridge over the river Me Ping at Chiengmai, 218 yards in length, 
was completed at the end of 1923. It was.supplied by a well-known British firm, 
and is a great success. Chiengmai has never before seen a bridge over which 
elephants and motor vehicles can be allowed to pass without restriction. 

General.— Taking things all round, the district may be said to be going slowly 
ahead. From year to year there do not seem to be great changes, but by looking 
bkek for twenty years it is easy to see what great progress has been made in every 
direction 
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Lecture I .—Delivered iglh January, 1925. 

** The light shineth in the darkness and the darkness comprehended it not.*' 

In accepting the honour of delivering these lectures on the subject of 
Radiology, I am conscious that the subject has quite recently been very ably 
dealt with. It occurred to me, however, that a consideration of the develop¬ 
ment of scientific research which led up to Rontgen's discovery and, fmlher, 
a short survey of the effect of this momentous revelation on scientific progress 
would refresh your minds, and so possibly stimulate a renewed interest in it, 
and also, I hope, encourage more young scientific men to devote themselves 
not only to the study and development of this most fascinating and useful 
branch of physics, but also to talk of it in the vulgar tongue. We must 
familiarise the public with our work if it is to progress, as it should. 

The history of human thought from the earliest time presents one long 
panorama of search, the search for the Sght which has shone for all time. 
Modem scientific workers, I am sure, do not always realise the great debt 
which they owe to early philosophy. Not only was early philosophy responsible 
for the system of modem thought, but it also provided from time to time 
that solid rock of invincible orthodoxy upon which pioneer scientists, un¬ 
orthodox of the unorthodox, could sharpen their teeth and wax lusty and 
strong. Early philosophy behaved towards science very much as the Devil 
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towards mankind, who, far from meaning any harm to us by his machinations, 
merely intends that our virtue shall not languish from want of exercise. 

There is no doubt that in the beginning man's thought was concerned solely 
with natural phenomena. He observed the heat and the cold, and the light 
and the darkness. Man was firsti ^therefore, essentially a’ physicist. Sub¬ 
sequently the fascination of speculative essays produced the chaos which we read 
of as characterising early Greek philosophy. Ph5^ics came first and then* 
metaphysics. Out of strength came forth sweetness! We will accept 
for the moment the definition of philosophy according to Herodotus to imply 
the idea of the pursuit of knowledge. It is only one of many definitions ; 
Plato, for instance, defines the philosopher as one who apprehends the essence 
or reality of things in contradistinction to the man who dwells on appearance 
or things of sense. # 

Perhaps the most general tendency of the early teachers was to satisfy 
man's insatiable curiosity with regard to a first cause on the one hand, and 
the manifold natural phenomena aroimd him on the other; but even in 
these far off days, remote from polytechnics, science had her votaries. Such 
men as Empedocles, and later Demperitus, sought to approach reality entirely 
through the medium of natural things, and of this system was bom the atomic 
theory which has been immortalised by Lucretius. Empedocles believed 
that if the four elements—fire, water, air and light—^were mixed in suitable 
proportions, then any manifestation was possible. Pure unadulterated 
Prussianism ! Scientific progress would appear always to have been agin' 
the government,!' and so the early efforts of these pioneer scientists, Anaxagoras, 
Hippocrates, and the rest, were often near to being stifled by the orthodox 
mystic school, which ultimately found its fullest expression in Plato. 

Plato was concerned not so much with natmal phenomena as with reality, 
the ultimate prime-mover; and the Platonic school, which became universal, 
developed into a dialectic system of interchanging abstract conceptions. It 
was, however, the dawn of scientific ^method. It sought to clothe and succeeded 
in clothing ideas with words, and so prepared a suitable cradle for that wonderful 
system which was to follow. The dialectic of Plato may be regarded then 
as the first real comer stone in the aeientific edifice. The next stone, of course, 
was Aristotle, who, beginning in the ground so well tilled by the existing 
school, in much the same way that Plato had started on ground prepared 
by the definitions of Socrates, was able to constmet that marvelloiis and 
enduring system which was to be jthe beginning and end of all knowledge 
for so many centuries. By his system of deductive reason, Aristotle, as it were, 
fitted the wheels to the hitherto stationary vehicle of rhetoric said to have 
been invented by Empedocles, but, undoubtedly, constructed by Plato. It 
was now possible to reconcile observed phenomena with the spiritual necessity 
of man in a way that had never beete done before. Through this new system 
* of reasoning, which is still, perhaps, the most potent weapon in our modem 
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armoury, Aristotle was inspired with the enunciation of the first scientific 
{xinciples, and it is, of course, to him that we owe the first general classification 
of the sciences. 

Science had now become the attribute of erudition ; and might be fitted 
into the fashionable school of thought by means of this new S3rstcm of logic, 
rather than regarded as the bag o’ tricks of unorthodox quacks as heretofore. 
The scientific influence of Aristotle is illustrated by the development of many 
specialised scientific schools. It produced, for example, Archimedes, who 
was the first practical ph3^icist. The strongest and most marked development 
of Aristotelian thought, however, was expressed in th > subsequent universal 
scholasticism, which ultimately became the current philosopliy oi the Christian 
Church, and, as such, provided the atmosphere and rule of every school and 
university of Western Europe. The result was the establishment of 
multitudinous theological schools, and the development of theological disputes 
of, what then appeared, the greatest possible consequence. 

In this scholasticism, science was well nigh lost, but St. Thomas Aquinas, 
in the middle of the thirteenth century, deserves notice. He certainly con¬ 
templated science. True, he contemplated it through theological glasses, which 
had been optically corrected to eliminate everything save the most orthodox. 
Nevertheless, he allowed the importance of the classification of natural 
phenomena in the general scheme of things. His great work, " Summa 
Theologica,” was intended to be the sum of all known learning, and, as 
scientists, we must gratefully realise that science had its place. 

At this time, 1219-1224, it was the privilege of Oxford University to produce 
one Roger Bacon, a Franciscan Friar, of sadly unorthodox views. He was 
an experimental physicist, which was not to be tolerated. To the more con¬ 
servative of us it is consoling to read that he was condemned to prison for 
this grave heresy. His chief scientific activity would appear to have been 
alchemy, and especially in searching for the pure red sulphur which was gold 
and that purity of mercury which was silver. But, nevertheless, it was 
experimental science, and it endeavoured to break away from that pseudo¬ 
science of the schoolmen which rested on arguments deduced from abstract 
ideas strictly within ecclesiastical authority. Roger Bacon, then, that arch¬ 
quack, may be regarded as another highly important stone in the scientific 
edifice. 

Time is short, and it is impossible to mention the various sporadic efforts 
that were made for science in the next few centuries. In the beginning of 
the 17th centiuy we have another quack, this time an astrologer, one Kepler, 
upon whose work modem science so much depends I In 1600 also we must 
consider for a moment Francis Bacon, that most eminent scholar, experimental 
physicist, lawyer and philosopher. Bred and educated in the very home 
of English orthodoxy, the University or&unbridge, he early rebelled against 
the philosophical system which contained so many names fot nonexistent 
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things and yet which were supposed to exist merely because they had nam^. 
Bacon's methods illustrated the extreme swing of the pendulum. His system 
of reasoning was purely inductive. But it is worthy of notice, and it is most 
undoubtedly true, that it is due to Bacon that very many current religious 
opinions were transferred from the reslm of reason to their more proper one 
of faith. 

At this period, too, we must regard for a moment that other great name 
in scientific mart3rrology, Galileo, and the only comment I shall make is to 
read an extract from the Proceedings of a Congregation of Prelates and 
Cardinals in the year 1632 :— 

“ The doctrine that the earth is neither the centre of the universe nor 
immovable, but moves even with a daily rotation, is absurd, and both 
philosophically and theologically false, and at the best an error of 4 aiA.'* 
This illuminating comment on Aristotelian orthodoxy remained in force 
until early in the nineteenth century I 

Having considered the general progress of science very roughly, we now 
arrive at a period where we must trace more particularly the development 
of our own subject. In the middle of the 17th century, we have the first 
name of importance to radiology—Otto von Guericke—^who, not only gave 
us the first electrical machine, but also invented the first vacuum pump. 
Incidentally, he may be regarded as the foimder of that very virile school 
to which Newton traced his intellectual descent. Early in the i8th century 
Newton, of-course, put physics on quite another footing. 

At this time scientific events began to develop along experimental lines. 
But I want to direct your attention particularly to the year 1705, which must 
be regarded as the beginning of radiological research. 

X-rays are produced artificially by means of a bulb—generally a glass bulb 
from which most of the air has been withdrawn—^through which bulb an 
electric current is passed. Generally this operation is accompanied by a 
visible fluorescence or glow in the*' bulb. The essential feature, however, 
in the artificial production of X-rays is the passage of an electric current 
through an exhausted bulb. 

In 1705, Mr. Hawksbee, F.R.S., when experimenting with the then popular 
vacuum, observed flashes of light in a glass tube on agitating the mercuiy 
it contained. He did not associate this phenomenon in any way with 
electricity, but rather regarded it as an attribute of the mercury. He found 
that even in a partially rarefied atihosphere he obtained the same effect. 
Hawksbee proceeded with these experiments, and in 1705 he communicated 
to the Royal Society an account of his observations entitled, ‘*On the 
Attrition of Bodies in Vacuo." In my next lecture I hope to show you an 
illustration of this apparatus, when we will consider the methods he adopted 
.in a little more detail, but here we hav 4 the first account of an electric discharge 
in an. evacuated bulb, the first embryo X-ray apparatus. The next step of 
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importance in this respect is contained in an account of the observations of 
one Ahh 6 Nollet, in Paris, published in 1753. He used a Guericke pump and 
electric machine, exhausted glass bulbs, passed electric discharges through 
them, and observed the accompan3nng glow. 

The next accoimt of interest is contained in a paper read to the Royal 
Society in 1785 by Mr. William Morgan, to whom, I think, we must give the 
credit of being the first experimenter to produce X-rays. The phenomenon 
of the glow accompanying an electric discharge through a vacuum would 
appear to have been well known at this time. Morgan's advance consisted 
in the fact that on decreasing the gas pressure in his bulb he obtains what 
he describes as a beautiful green colour, which altered from green to blue 
and so on to violet and purple as he allowed gas to enter the bulb. 

We now come to a period of the greatest possible importance in the history 
of electrical development—^the beginning of the nineteenth century—and events 
crowd upon each other so thick and fast that it is impossible to mention them 
ah, and we must, therefore, merely consider those which have a direct bearing 
on our subject. The names of Davey, Ampere, Ohm and Faraday, of course, 
all demand our greatest veneration. Ampere's discovery of the magnetic action 
of one current on another, was followed by Faraday, who showed that rotation 
produced a current round the magnet, and his discovery of conduction of a 
current in a closed circuit by a moving magnetic field, was followed by the 
dynamo, the transformer and the induction coil. 

To resume the consideration of steps in our radiological progress, we find 
that Sir H. Davey repeated Morgan's vacuum experiments in 1821, and 
de^ribed various green lights which he obtained, some of which were probably 
mercury vapoiu" light, but it is certain also that he produced electronic, 
bombardment of the glass and consequent fluorescence. Prior to 1838 
Faraday took up the study of electric discharge m vacua in the course of the 
development of his theory on dielectrics. He observed a dark space round 
the negative electrode. This observation, of course, opened the way for all 
future work on the subject. As a result of Faraday’s work radiological 
investigation began to converge, as it were, to a focus. General apparatus was 
improved and other workers entered the field. Unrecognised, the ubiquitous 
electron was battering the glass walls of his prison house in xmremitting efforts 
to be known. Plucker, in 1859, succeeded in obtaining vacua good enough 
to enable him to observe fluorescence in the glass walls of his vacuum tube. 
Ten years later Hittorf became aware of a stream of radiation proceeding 
from the negative electrode in an exhausted bulb. His impression of it is 
vMHidly conveyed to us by the name he gave it, the negative glow-light. It 
Was, of course, what we now call the Cathode Stream or Rays. Attention 
was now very closely focussed on electric discharge in vacua, and in 1879 
Sir William Crookes demonstrated all its properties, including its normal 
emission from the cathode ; that it could be focussed from a curved surface ; 
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the production of fluorescence when it hit the glass walls of the tube; the 
production of heat when it impinged against a solid obstacle, and its deflection 
by a magnetic field. He suggested that here was matter in a fourih skUe 
or radiant matter (a conception, by the way, originally put forward by Faraday). 
He believed that the cathode stream, was composed of molecules, or, at any 
rate, of matter of molecular dimensions. He suggested that these molecules " 
carried a negative charge as indicated by their magnetic deflection. Then 
the controversy began. Hittorf at once challenged Crookes’s conclusions and 
denied any propagation of gas particles. Crookes’s explanation of the nature 
of the cathode stream was very generally accepted in this coimtry, but many 
foreign physicists, particularly the German school, were of the opinion that 
it was another manifestation of ether waves. 

We will pause for a moment to consider what we mean by this word " §ther.** 
Then, as now, it was used in a sense to convey an idea of that medium which 
would transmit energy. It was, then, as now, a word which transcends 
definition. It has some sort of a parallel perhaps in the substantia " of 
schoolmen, who found this idea a very useful adjunct in explaining some of 
the more difficult conceptions involved in those elementary articles of faith* 
which constituted such a tiresome difficulty in the minds of the unlearned. 

In 1883 Prof. J. J. Thomson first put forward a theory of gaseous discharge 
based on the principles of electrolysis, conduction by ionization. He supposed 
the molecules of gas to absorb energy from the electrostatic field and become 
decomposed into free ions, again supporting the material view of the 
phenomenon. Soon after. Hertz, worlfing at Bonn, demonstrated that the 
cathode streani would pass through a film of gold or aluminium placed in 
its path. In 1894 his work was continued by Lenard, who, by sealing a thin 
aluminium window into the wall of his discharge tube, was able to show that the 
cathode stream passed through it. Lenard also,remarks that these rays 
can pass through the hand. It is obvious now, of course, that some part of 
Lenard’s results were due to X-rays, bK^.the immediate result of his experiments 
was to support the view that the cathode stream was due to ether vibrations. 
It certainly appeared that the passage of molecular particles through solid 
matter was an insuperable objection Crook's theory. 

In 1^5 Perrin proved thkt the cathode stream carried a negative charge. 
He arranged a metal cylinder in a, vacuum tube and connected it to an 
electroscope, and, by a magnetic arrangement, he diverted the cathode stream 
into the cylinder which at once acquife^ia negative charge. The controversy 
as to the nature of cathode rays was now at its height, and physicists all over 
the world were endeavouring to deduce experimental evidence to support 
one or other of the two theories. From the amount of work that was reported 
at this timCj it is quite dear that a virile controversy acts as a particularly 
powerful stimuli^ even to that dispass^ate and impersonal body, the scientific 
World. I will .read you an extract from a lecture delivered by Sir George 
Stokes about this time, in which the position is very admirably summed up 
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" Nobody, I suppose, denies that there is matter propelled; but there 
has been considerable difference of opinion as to whether the matter 
propelled is of the essence of the phenomenon, or whether it was merely 
something accidental. Mr. Crookes held that it was of the essence of the 
phenomena, and that we had here' really a stream of molecules, and I 
must say for my own part I believed he was right, but some foreign men 
of science held that the projection of matter is altogether a secondary 
phenomenon and that what comes through this small hole is really only 
a process which goes on in the ether, something so far of the nature of 
light, but yet differing from ordinary light most markedly in the property 
of being deflected by a magnet. To illustrate what I mean by saying 
something secondary. Prof. Wiedemann, who holds the opinion that it is 
of the nature of light, or a process going on in the ether, imagines that 
the progression of matter has no more to do with the phenomenon than 
the path of a cannon ball has to do with your hearing the sound of a 
cannon.** 

This concentrated work on the cathode stream was bound to result in fresh 
discovery, and it did. R 5 ntgen read his epoch-making paper announcing 
the discovery of X-rays at the end of* 1895. Apart from the momentous 
announcement, the paper was most remarkable in that Rontgen’s view of 
the general properties of X-rays was so wonderfully accurate in the light of 
our later knowledge. He recognised that the new radiation was similar to 
light, but he explained that the absence of reflection, refraction and inter¬ 
ference suggested that the two were not identical. In consequence he was 
driven to put forward the hypothesis that his rays were longitudinal ether 
waves as distinct from the transverse waves of ordinary light. 

This particular view of the nature of X-rays was immediately criticised. 
Prof. Schuster pointed out that there was no evidence that the new rays were 
not ordinary light vibrations of a very short wave-length. He went on to 
suggest that possibly we had here the vibi^dtion of the electron within the molecule. 
He also emphasised the difference between cathode and X-rays, These views are, 
indeed, remarkable for their prophetic accuracy. We must be careful to 
remember that at this time the existentee of free electrons had not yet been 
recognised. Dr. Johnstone Stoney had/ indeed, used the word to denote 
his conception of an indivisible unit of electricity to fit in with his theory 
of electrolytic conduction. Lorentz also had attempted as early as 1878 
to explain the properties of dielectrics by S theory of charged particles residing 
within the molecule, but the idea of electrons playing any important part 
in physical phenomena was entirely alien to all schools. 

J. J. Thomson, in 1895, discussed the question of the nature of the new 
rays from the point of view of the electromagnetic theory. He pointed out 
that dibit longitudinal ether waves tv^^possible and that they would not 
be refracted, but he also showed that short transverse waves also would not 
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be refracted if the wave-length were comparable with molecular distances. 

It will be seen that the old cathode ray controversy was now complicated 
by one equally acute on the nature of the new rays. What were X-rays ? 
Were they, too, material particles, of a more rarefied nature than the cathode 
rays, or, were they, as their discoverer suggested, a form of light of such a 
curious kind that it would not obey the laws which governed ordinary light ? 
Where did they originate ? Wherever they appeared the glass walls of the tube 
fluoresced. Was this a necessary phenomenon or was it merely incidental ? 
That the rajrs arose somehow from the stoppage of the cathode stream was 
quickly recognised. The first clear statement of this fact appears to be due 
to Prof. Porter, who incidentally was one of the earliest users of the " focus " 
type of tube. The very close association which had been observed between 
the cathode rays and the X-rays gave rise to the idea that the two Jiad the 
same nature, and the idea persisted for a very long time in spite of the recognised 
fact that magnetic deflection was possible in one case and not in the other. 
Then both J. J. Thomson, at Cambridge, and Benoist, in Paris, dkcovered 
that X-rays would discharge a charged conductor. 

This was another piece of progress, but it did not, at the moment, contribute 
to any definite view of their nature. It is very interesting to recall an erroneous 
conclusion of J. J. Thomson's about this time. As a result of his experiments, 
he was of the opinion that all substances, including ebonite, paraffin wax, 
etc., when transmitting these rays, became conductors of electricity. He 
again suggested that the leakage of the charge is due to the splitting up of the 
molecules, i,e., as in electrolysis. Thomson had already concluded from 
experiments on absorption that X-rays.were not all of the same kind, and 
Chabaud, in Paris, found that X-ray absorption by metals increased with 
the atomic weight of the absorber. It is to be expected, as was indeed the 
case, that very many workers in the early months of 1896 concentrated on 
attempts to reflect or refract X-rays in order to lend support to the wave 
theory, but the results only tended to confirm R 5 ntgen's original statement 
that the rays so treated were only scattered or diffused. Prof. Pupin, of 
New York, suggested that these diffusion effects were very similar to Lenard's 
results with cathode rays, and that possibly magnetic deflection did, indeed, 
take place and was marked by diffuse scattering. 

Other writers of this period emphasized J. J. Thomson s view that reflection 
and refraction were not to be expected if the rays were light waves of extreme 
shortness. An independent view .was put forward by Prof. Michelson, 
in April, 1896, who propoimded his “ ether vortex " theory, having given 
reasons for rejecting the two current views. He suggested that “ ether 
vortices " were forced out from between the molecules of the cathode by the 
negative charge. He also considered that X-rays and cathode rays had the 
same nature. This theory was not destined to play any very important 
part m the controversy, nor does it bear very much on the subsequent develop- 
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ment of the subject. Prof. Righi, in Italy, and J. W. Giltay, of Holland, 
and Prof. Haga, of Groningen University, record observations on the action 
of X-rays in discharging electrification. Early in 1896 Becquerel discovered 
radioactivity. It was a natural phenomenon, and not artificially produced 
like X-rays. It was, as we know, the spontaneous break up of the Uranium 
atom, but the results were very like the newly discovered X-rays, and so 
naturally created a very great stir. The similarity both to light and also 
to X-rays was at once emphasised by the '' wave theorists. J. J. Thomson 
pointed out that the new radiations are like light since they can be polarized 
and refracted, and could penetrate solids like X-rays, and from the point 
of view of the wave nature of X-rays he referred to Becquerels discovery 
as ** evidence 01 a more positive character.” He also thought it likely that 
if a fine enough medium were found it would be possible to polarize X-rays. 

Sir George Stokes, in his presidential address to the Victoria Institute, 
also referred to the subject. He suggested, in dealing with R6ntgen*s 
observations on scattering, that the Rontgen rays falling upon a metal throw 
the molecules into a state of vibration, which they communicate to the ether 
by a similar sort of mechanism to that of phosphorescence or fluorescence 
in the case of light. This is a most remarkably accurate forecast of 
characteristic radiation, which, of course, I shall refer to later. He, too, 
remarked that polarization would be possible if the right means could be 
found. At a meeting of the British Association in 1896, Lenard personally 
described his own experiments. He concluded that X-rays were of the same 
nature as cathode rays and were probably deflected by a magnet, but inasmuch 
as they were of a modified form such deflection would be very slight. 

A mass of other work was done producing results of more or less interest. 
Two or three workers thought they had produced diffraction X-rays by passing 
them through a narrow slit. 1897 saw the virtual end of the great cathode 
ray controversy, thanks to the classical experiments of Prof. J. J. Thomson. 

If the cathode rays consisted of charged material prides, it was necessary 
that they should have a finite mass. It was already known that they carried a 

charge. Thomson succeeded in determining the ratio of charge to mass 

for these particles by passing a beam of the T 2 Lys through crossed electric and 
magnetic fields so balanced that the deflection produced by one neutralized 
that of the other. Wiechart and Kaufmann, in the same year, obtained 
similar results. Whatever the nature of the gas or the material of the electrodes ^ 
e 

this value of—was found to be always the same, and it was from seven hundred 
m 

e 

to nine hundred times the value of - for the hydrogen ion. Thomson concluded 

m 

that the change was the same as for the h3^drogen ion, and tliat the cathode 
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stream was, therefore, composed of particles having a mass v^ty much smaller 
than that of an atom, and, moreover, that these particles were common to 
all atoms. This was the first experimental evidence of the existence of the 
Johnstone Stoney electron. 

In the following year Thomson, by employing the fascinating method of 
C. T. R. Wilson, by which it was pbssiblc to see these individual particles, 
was able to determine the value of e (the charge on the electron), and hence 
its mass m, Townsend also showed by experiments on the velocity and 
diffusion of gaseous ions that the charge on an ion of ionized gas had the same 
value ; and it was now realized that the process of ionization was the splitting 
off of one or more electrons from the atoms of gas. Here, then, was a step 
of the greatest importance ; but as we shall see, it was far from settling the 
X-ray dispute. * 

Just before J. J. Thomson showed that the cathode stream consisted of 
particles very much smaller than molecules, Sir George Stokes worked out 
and propounded his ether-pulse theory of X-ra.ys. He suggested that each 
molecule, when it strikes against the anti-cathode of the X-ray tube, produces 
a perturbation in the ether, and that X-rays are made up of a succession of 
such pulsations spreading out spherically from the point of impact of a cathode 
particle; each pulsation independent of the others. If the time of these 
pulsations is extremely short, he showed that the theory would explain the 
absence of diffraction. 

You will notice that the difficulty which crops up again and again is the failure 
of X-rays to obey the ordinary laws of optics. At this time it appeared to 
be the one factor against the universal acceptance of the wave theory of X-rays, 
but more troubles were in store. 

Sagnac, in 1898, in a review of the subject, decided that X-raj^ were ultra 
violet radiations, and that their wave lengths was too short to allow any of 
the usual optical tests to be carried out. He therefore concentrated on the 
investigation of scattering, with the result that he observed secondary X-rays 
of different (longer) wave length, which were produced when X-rays were 
directed on metals. He also observed secondary X-rays from air (which had 
already been observed by ROritgen) and, indeed, from all substances. 

J. S. Townsend also worked on this subject and showed the existence for 
the first time of corpuscular or material secondary radiation in addition. This 
was a niost important step, and the discovery upon which the whole controversy 
was to turn. 

In 1900 Sagnac was able to show that this secondary corpuscular radiation 
carried a negative charge, and Dom, in the same year, showed that it could 
be deflected by a. magnetic field. Dom also found that this corpuscular 
radiation was emitted with a velocity of the order of lo*^ cm. per second. 

Still the controversy raged. Largely as a result of the development by 
J. J. Thomson of the ether pulse theory and the investigations of others. 
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notably Wilberforce ?ind Barkla, X-rays were now polarised. Barkla was 
able to show polarisation both of the primary and secondary beams. This 
most important step was first communicated to the University of Liverpool 
in 1904, and, of course, was strong evidence for the wave theory. Haga 
repeated Barkla's results, using a photographic method, and concluded that 
X-TBys were transverse ether vibi^ions, and showed that the longitudinal 
ether vibrations of Rdntgen woiila have a different plane of polarization. 
This discovery would appear to have involved a crushing defeat of the 
corpuscular school. X-rays at last showed some sign of acknowledging a 
family. On the other hand, they had at the same time been shown by 
Townsend to 5deld offspring of a most undoubted corpuscular character. 

Work was nov/ very much concentrated on the study of secondary radiation 
and also the ionising properties of X-rays. The great velocity of the secondary 
corpuscular radiation had given rise to much speculation as to the source of 
its energy, and it was suggested that this energy might be obtained from the 
atom itself on the lines of Becquerel's discovery. Another source of difficulty 
to the spreading pulse theory was to explain why such a minute proportion of 
the molecules of a gas were ionised by a;beam of X-rays. There did not seem 
to be much direct connection between energy expended and ionization produced. 

If corpuscular secondary radiation was due to an explosion of the atom, 
then obviously the stimulus giving rise to that effect was the primary X-ray 
beam, but it was not easy to understand why such energy should vary with 
the frequency of the primary beam which had been shown to be the case by 
R. D. innes in 1907. 

A consideration of these difficulties and the discrepancies between current 
theory and experiment led Professor Bragg to return to the corpuscular theory 
of X-rays in a new aspect, that of neutral pairs, which he put forward in 1907. 

In a general survey of the facts, he said that ionization by whatever agency 
was always produced in the same way by the displacement of negative electrons 
from some of the atoms. 

He suggested that the ionising power or the power of being stopped of a 
8 particle was depen4ent upon its charge, Ac field around it, and that if it 
were associated with a /a particle, so that tubSl^f induction pass from one to 
the other tending to neutralize the whole, it would seem that the chief cause of 
the stopping of the particles would be removed and the penetrating power of 
such a pair would be enormous and its ionizing power correspondingly reduced. 
The limitation of the field of the pair would depend upon its moment. With 
this conception of the nature of X-rays^ Bragg was able to explain with the 
greatest ingenuity all the known properties of X-rays. 

They would show very little deflection in a magnetic field and the closer 
togeAer they were the more penetrating would they become; they would 
also not be refracted. 

To account for scattering and secondary radiation they—the pair—might 
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hit on a light or yielding elastic atom and bounce off unchanged. It might 
be disintegrated! and the negative particle be shot of! and appear as a secondary 
ray, or it might pick up a positive charge and reappear as an X-ray. 

, Bragg said that a beam of X-rays would contain some ether pulses, but 
that in the main it was corpuscular—and consisted of neutral pairs. There were 
objections to Bragg's theory, which there is no time to dwell on now, e.g,, 
Marx had m 1906 determined that X-rays had the same velocity as light, 
and a new life was given to the long controversy, Barkla being now Bragg's 
chief opponent, he being a strong adherent of the spreading pulse theory. 

In 1908 Barkla and Sadler showed the existence of homogeneous radiation, 
similar to X-rays and characteristic of the element emitting it—and that it 
was probably produced by independent motion of the electrons. 

In 1912 'Wbiddington demonstrated that the speed of electrons whi^h com¬ 
prise secondary corpuscular radiation was the same as the cathode stream 
electrons in an X-ray tube, and the result went to show that the whole energy 
of a moving electron in an X-ray tube was handed over intact to one other 
electron. This was, of course, a very distinct blow to the spreading pulse 
theory. 

Bragg had definitely abandoned the wave nature of X-rays, and, no doubt, 
one reason was the difficulty of explaining all the observed phenomena of the 
classical Maxwellian light theory, and, therefore, efforts were made by some 
ph3^icists to find some modification of this theory to reconcile these* X-ray 
and light phenomena, rather than deny their similarity. J. J. Thomson, in 
1908, introduced the nucleated pulse theory as a modification of the theory 
of Stokes, in which he imagined each electron as the seat of a single tube of 
electric force. When such an electron oscillates or when its velocity is changed, 
it will result in a pulse with all its energy travelling in one direction, and not 
spreading out in an ever-widening circle. This theory went far in explaining 
the similarity between X-rays and light. 

During the preceding years, between, i.e., 1901 and 1906, Professor Max 
Planck had done remarkable work on the theory of radiation, the results of 
which were to revolutionise current views and at the .same time virtually 
settle the great X-ray controversy. 

The result of his work involved the hew idea that the energy of an oscillation 
can only be increased or decreased by definite finite amounts and cannot 
vary continuously. 

When radiation energy is emitted or absorbed by an electron it can only 
be in definite amounts, the magnitude of which depends upon the frequency 
of that radiation multiplied by a constant. (The ratio of radiation energy 
to radiation frequency, which is now known as Planck's Constant.) 

In 1907, Wien, starting with a knowledge of the mass and speed of secondary 
..X-ray electrons and applying the quantum theory of Planck, calculated the 
wave length of an X-ray pulse and found it to be 6.75 x lo’ cm. This most 
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important result was immediately adopted by Prof. Von Laue as a basis 
in his method of devising the long sought method of diffracting X-rays. 

The atom layers in a crystal were believed to be separated by distances of 
the order of 10* cm.—a corresponding dimension to Wien's X-ray wave length. 
Surely, then, a crystal would afford the much desired defraction grating. 

Experiments on these lines resulting in the most brilliantly successful results 
were carried out by Friedrich and Knipping early in 1912. 

Then followed that fascinating work of the Braggs, who showed that inter¬ 
ference could be produced by reflecting X-rays from the various planes of 
a crystal, thus producing an X-ray s|X5ctrum which would enable either the 
structure of the crjrstal to be studied or alternatively, if its structure were 
known, then the X-ray beam could be examined and its constituent wave 
length calculated. 

Here, then, at last was an end to this memorable controversy. The fact 
that X-rays were indeed light, of extremely short wave length or high frequency, 
was proved beyond doubt. 

It is very interesting to note that Prof. Bragg himself by the introduction 
of the X-ray spectrometer went far to confirming Planck's quantum theory. 

Let us consider now for just one moment what all this radiological research 
has meant to modem scientific development. 

All substances are made up of atoms in some arrangement or other. I 
want to direct your attention for a moment to these atoms. Let us very 
briefly consider that most fascinating theory of atomic structure due to 
Professor Bohr.* We are given the picture of the atom, any atom as consisting 
of a central sun or nucleus holding bound up within it a store of inconceivably 
fierce energy. This sun or nucleus is made up of minute bodies called protons, 
and others called electrons. We must think of the proton as being an isolated 
positive charge of electricity, and the electron as an isolated negative charge. 

The nature of the atom is manifested by the behaviour of a number of planets 
which revolve roimd the nucleus in definite orbits. These planets are aU 
electrons (negative charges of electricity) and they are influenced in the system 
of this atom universe by the excess number of protons or the positive charge 
on the nucleus. The universe as a whole may be regarded as stable when 
the number of protons is equal to the number of electrons. The whole atom 
is normally electrically neutral. Further, it resembles our own planetary, 
universe, but with one very important exception. In the atom universe the 
planets (electrons) may, under certain stimuli, change their orbit, or the fixed 

^The question of the structure of the atom has been mentioned merely as^ 
illustrating the importance of Radblogy in modem physical progress. The 
Various theories concerning the nature and stracture of the atom are most 
admirably and comprehensively discussed in Professor £. N. da C. Andrade’s 
book, " The Structure of the Atom,” to whidx book I refer those who wish for 
accurate information concerning this fascinating subject.— V .E.P. 
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groove as it were in which they are revolving, and when they do change their 
abode in this manner they emit a wave or pulse of radiation, the quality of 
such radiation depending upon where in the system they move from and where 
they move to. 

Obviously the electrons which revolve neat to the sun, i.e.^ in the inner 
orbits, are held, as it were, much mo^e tenaciously than those which revolve 
in an orbit far away froni the sun. This tenacity varies, of course, in the inter¬ 
mediate orbits. Now, if an electron happens to exist in an outermost level 
and falls to the next one nearer the sun, then it loses energy and the result 
is a wave, or pulse, of some radiation, which is sent out through the ether. 
In such a case it may be ultra violet radiation—that light which is nearly 
visible but is not. On the other hand, if the fall of the electron takes place 
from an inner orbit, let us say to the innermost one of ail, then the radiation 
emitted will be of much shorter pulse or, as we say, higher frequency, and 
will be an X-ray. We may regard for our present purpose all such electron 
changes in the atom as yielding X-i^ys, and the precise orbits concerned in 
the change of abode of the electron determine the position of the lines in the 
X-ray spectrum. I want you to retain this point in your memory for just one 
moment. 

Now the reverse is also the case—^when an X-ray is impinged on an atom, 
according to its frequency, or we may say, its penetrating power, it causes 
electrons to change their orbits. Now in the same way that ultra violet 
light may cause the change of an electron from an inner into an outer orbit, 
if these orbits are at a great distance, from the nucleus, and consequently 
allow us to investigate the behaviour of .such atoms (light ones) which may 
have electrons in these very outer orbits, so may X-rays cause this phenomenon 
in the inner orbits of the more heavy or refractory, as it were, of the atoms 
and enable us to see what happens to these inner or very intimate electrons. 
If by any chance this invading radiation causes an electron to fly out of the 
system or atom altogether, then the^yir^le atom becomes what we call ionized. 
It is exactly what does happen in a gas, for instance, when we pass X-rays 
through it. It is what we mean when we say a gas is ionized " by X-rays. 

Now the atom is investigated in the niianner I have just indicated by means of 
the X-ray spectrum, which this election change of orbit yields. We may 
regard X-rays then as constituting a light of such curious illuminating power 
that one may study with the greatest clarity the mechanism of any sort of 
atom. This means, of course, the nature of all elements. You will now 
see what radiology has done. Let us very briefly consider, too, the work 
of Moseley, who examined, and what is more important, interpreted the 
characteristic X-ray spectrum emitted by the atoms constituting various 
chemical elements* By the aid of'!k-ra}^ behaving in the manner I have 
just indicated^ Moseley was able to explore the very inner structure of these 
atoms. This examination resulted in his finding that the elements were 
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related one to another in a very simple way. Imagine a long rack of numbered 
slots, the slots of which are consecutively numbered i to 92. Now every element 
was found to have its appointed slot,, and the number to which it belongs is 
the exact number of **active ” or excess " positive charges which its nucleus 
holds and which govern the planetary or electron system. Carbon, for example, 
has six such positive charges, and its number (jye call it its atomic number) 
is, therefore, six. Nitrogen has one mere positive charge. Its slot or atomic 
number is, therefore, 7. Oxygen 8, and so on up to the very heavy atoms 
like uranium, which has 92 positive charges and whose atomic number is, 
therefore, 92. Now these atomic numbers are of the greatest possible con¬ 
sequence. They are very much more important and they convey very much 
more information about the properties of the element than its atomic weight 
does. The atomic weight, of course, for a very long time was regarded as 
being the sum of all knowledge about the atom. The atomic weight, by the 
way, is the total number of positive charges in the atom. 

Certain slots in this row of 92 arc not 3ret filled up, the elements not yet 
having been found, but when they are found we know that their atoms will 
have a certain definite number of " active " positive charges whatever may 
be their characteristics. 

The theory of the atom which I have just outlined was based by Bohr on 
the energy hypothesis of Planck, whose definition of the relationship between 
frequency and energy went so very far in settling the long X-ray controversy ; 
but the intimate investigation of the atom, and, therefore, of matter itself, 
is really a product of radiological research. Whither will it lead us ? The 
prospect is indeed awe-inspiring. Will it enable us to analyse the electron 
as we have analysed the atom ? Will it enable us to know what we mean 
when we talk of the ether ? Will it, then, we may ask, ultimately lead us 
to understanding something of the nature of the Infinite ? Is there a border¬ 
land between science and philosophy ? or, perhaps, as I should say, between 
science and metaph3^ics ? The metaphysician, as I imperfectly understand 
him, may “ lie upon the daisies to discourse in novel phrases of his complicated 
turn of mind." 

The scientist, on the other hand, ccttitemplates his vacuum tube, which 
has cracked at a critical moment, perhajJs for the loth or even the 20th time. 
He remarks of the metaphysician, with fterfiaps some slight and surely very 
pardonable touch of asperity, " What would he do had he the motive and 
cue for passion that I have ? " 

AUSTRIAN AIR * SERVICES, 

Aviation in Austria, aided by the country'* strategic central position and by the 
keen interest on the part its general public, hBs developed rapidly durii^ t^ 
last few years, writes the United States Consul at Vienna, and bids fair to mai n tai n 
a greater activity in the future. ^ 

Several companies are operating regular ak services from Austria to the principal 
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dties of Europe. The Compagnie Ftanco-Roumaine de Navigation Adrienne 
has established a route from Vienna to Prague and Paris and to Budapest and 
Constantinople. The Hungarian Air Traffic Co. operates between Vienna and 
Budapest. The Oesterreichische Luftverkehrs A. G. (Trans-Europe Union) 
operates between Vienna and Munich, connecting with a Munich-Zurich-Geneva 
line and with the Munich-Berlin line; it also operates a hydroplane service between 
Vienna and Budapest. 

Austria has four landing fields, to and from which mail and passengers are 
transported by motor car— the Jedlesee and Aspem fields near Vienna, the Thalerhof 
field near Gras, and the Annabiehl field near Klagenfurt. The last three are 
controlled by the Federal ministry for commerce and traffic, but only the Aspern 
field is used to a large extent. The Jedlesee field, situated on the banks of the 
Danube, belongs to the Oesterreichische Luftverkehrs A. G. 

Air traffic to and from Vienna during the fii*st lo months of 1923 accounted for 
r.538 flights and carried 2.361 passengers and 46.720 kilos of mail and merchandise. 


COFFEE PLAGUE IN BRAZIL. 

Towards the end of May. 1924. it was announced that a plague' had been dis¬ 
covered which was attacking the coffee-trees in the Campinas district, in the State 
of Sao Paulo. The plague or pest is ascribed to a minute beetle of the Stephan- 
oderes type. The insect is known in other parts of the world. 

The origin of the plague in Brazil, writes the Commercial Secretary to H.M. 
Embassy in Rio de Janeiro, is doubtful, but it is generally believed to be due to 
seeds and grafts imported from abroad for examination and analysis by various 
State authorities in SSo Paulo. Whether this is so or not. is not, however, definitely 
established, but the fact that such seeds were imported lends colour to the belief. 
The Campinas zone, in which the Agronomical Institute, to which these seeds were 
sent, is situated, is one of the oldest districts in Brazil in which coffee has been 
cultivated, and it is possible that the fact that the trees and soil are ‘*tired ** may 
have helped the propagation of the pest. 

Both the Federal and Paulo State Governments, are acting in collaboration, 
through their respective Ministries of Agriculture, to combat the disease, and the 
former authority is also, in conjunction with other State Governments, taking steps 
to prevent the introduction of the plague into other hitherto unaffected regions. 

So far. other large coffee-producing districts in Sao Paulo, viz., other than 
Campinas, arc reported to be immune, but stringent measures are being taken to 
prevent any spread of the disease, which would be a calamity if SSU> Paulo as a 
whole became affected. 

Coffee is to be destroyed^ if that is necessary, and the owners indemnified. 

The outbreak of the revolution in SSo Paulo caused the general public to forget 
this subject, but Silo Paulo farmers cuid the public authorities are fully alive to 
the grave danger which may result both to the private farmer and to the Republic 
if efforts to stamp out this plague be relaxed for one instant. As at present con¬ 
stituted, the whole economic life of Bnudl. especially in international trade, hinges 
on the coffee situation. Many Campinas farmers have suffered heavily. 

For the first time in the history of Brazil the new north-west zone of SSo Paulo 
figures in the 1924-25 estimates at the head of the list of coffee-producing^ districts, 
and it is likely to niaintain this position tor many years to come. It is. in fact, 
thought that the extensive plantation which has recently taken place there and the 
annually increasing production of that region will not do more than oonlpensate 
he gradually diminishing production of some of the older zones of S&o Paulo* 
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THE TRADE OF MONTHON MAHARAJ (SIAM). 

The Monthon Maharaj comprises the three districts of Lampang, Phre, and 
Nan. The population is 530,000, and there are about 6,000 British subjects—Shans, 
Burm^e, and Indians. Also there are about 30 European British subjects, for the 
most part engaged in the teak trade. Phre is the headquarters of the Administra¬ 
tion, but is a town considerably less important than Nakawn Lampang (20,000 
inhabitants), which is on the ra^way, and also the starting-point of the new arterial 
road to Chicngrai. Nan, an ancient town on the eastern side of the province, is 
deca3dng rapidly. Ngao and Payao, on the Lampang-Cbiengrai road, are the only 
other important towns in Maharaj. 

Tradr. —In his recent annual report on the trade of Monthon Maharaj, the 
acting British Vice-Consul at Nakawn Lampang states that although no statistics 
are obtainable, it is quite safe to say that trade during the year 1923-24 was bad. 
The reason is not bard to find. All trade is carried out on well-defined trade routes, 
viz., Bangkok-North, and trans-frontier trade with Burma and the Shan States. 
In the case of the former, merchants find that since the railway was completed ijt 
pays them better to send most of their goods through to Chiengmai, where a wider 
field awaits them ; secondly, increased facilities by land and sea have encouraged 
the Burmese to resort to the southern route to Bangkok, and now the Lampang- 
Chiengrai road is cut the great caravans, which used annually to pour dowm from the 
Shan States and the Yunnan to Lampang, dispose of their goods there, and then 
perhaps carry fresh stocks over to Burma, stop at Chiengiai, and return to their 
owm country. A good example of the effect of this, though unimportant in itself, 
is the absolute dearth of Shan ponies which used to come down in strings every 
cold season. 

Again, there is no doubt that the severe slump in piece-goods experienced in 
Bangkok some three years ago has had a lingering effect on the markets in this 
Monthon. Money was heavily sunk in large stocks which are largely unsold to this 
day. Consequently the ordinary man has practically no ready money at his 
disposal; and when is added to this an unfortunate tendency to speculate in times 
of prosperity (and with Shan and Burmese British subjects to erect large and 
sumptuous temples often far beyond their means), it will be seen that credit condi¬ 
tions are exceedingly bad. In most of the towns to-day the bulk of the trade is in 
the hands of the Chinese. 

Cloth Goods are mainly of British origin, although there is a Japanese factory in 
China which is supplying large quantities of inferior stuffs. 

Hardware ,—^A great deal of this is German, obtained from a German firm in 
'Bangkok, but articles such as tiffin carriers, soap dishes, and umbrellas are im¬ 
ported from Japan. 

Bicycles .—It is a matter for congratulation that, notwithstanding the presence 
in Bangkok of an agency for extremely cheap Japanese bicycles, British machines 
are predominant in Lampang and Phre. 

Motors .—Although at present the number of cars and lorries in this province is 
small, there is but little doubt that in th$ .future there will be a larger demand. 
Already there is quite a fieet of lorries on the Lampang-Ngao road, and there is no 
reason why the Ford should hold a monopoly if a cheap British colonial model can 
be supplied. Last cold season even paddy was regularly brought by lorry into 
Lampang. 

Teah .—^Last year the rises in various rivers fluctuated so much that the timber 
brought down by the Me Wang was barely one-quarter of that of the Me Yome. 
In fact two prominent teak firm managers stated that their deliveries at the rafting 
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station were about the worst, if not the worst, on record. In this connexion it is 
interesting to note that since the construction of a forest tramway through one of 
their forests they are able to transport thirty logs a day from their teak forest 
36 miles away, over hills and creeks, and shoot them into the Me Yome at Pong, from 
which point the timber reaches Bangkok in approximately two years. 

Silk Goods .—^There is a small yet hardy industry carried on at Nan, where seins 
(skirts) and scarves are made mainly out of silk bought from Yunnanese and Shan 
traders. A small silkworm breeding industry is carried on in the valley of the 
Me Chune. 

Cigaret*e ^.—Despite extremely keen competition on the part of an efficient 
Chinese firm, there is a virtual monopoly of sale of cigarettes of a British firm. ’ 

Communications. —Two important roads arc under construction in this Monthon 
r-^he Lampang-Chiengrai and the Den Chai-Phre roads. The former is metalled 
most of the way to Ngao, but beyond that it is only built-up earth, which in the 
rainy season becomes a morass. When the road is finished motor traffll: will be 
able to complete the journey to Chiengrai in 12 hours. The qther worlc mentioned 
connects Phre with the nearest station on the railway, and although the ordinary 
road has been finished for some time, the Ministry of Communications is engaged 
in metalling it so that when completed, it will vie with any highway in the country. 


PRODUCTION OF ALCOHOL FOR MOTOR FUEL IN THE TROPICS. 

The question of making an efficient motor fuel in the tropics, where imported spirit 
is expensive, is at present attracting considerable attention. Various materials 
have been suggested, and in some cases tried, as a source of power alcohol, such 
as starch-containing roots, and cellulosic residues from the sugar and other 
industries, but one of the most valuable appears to be the sap which may be 
collected from the flowering shoots of the Nipa palm of the Far East. Considerable 
work has been done in the Philippine Islands in ascertaining the suitability of this 
palm for the production of alcohol and quite recently an experimental plant has 
been erected in the State of North Borneo. An account of the results of the first 
year's working, based on a memorandum supplied by the British North Borneo 
Company, is given in the current number of the " Bulletin of the Imperial 
Institute." 

There are about 300,000 eicres of nipa palm in North Borneo, occurring in nearly 
solid stands of 5,000 acres or more. The sap flows for only six months in the 
year, but it is estimated that during this period 900,000,000 gallons of sap, capable 
of producing nearly 60,000,600 gallons of alcohol, could be obtained. The results 
of the first year's working of the experimental plant came up to expectations in every 
way. The still was only capable of producing 100 gallons of alcohol per working 
day of 12 hours, and the costs of running such a small plant were naturally somewhat 
high, but it is shown tlmt a permanent jjtont producing not less than 1,000 gallons 
per day should prove a commercial sucoess^ Estimates are quoted in the article 
of the cost of production for plants ^! various capacities. For a plant capable 
of producing 2,000 gallons per day of 12 hours the capital required is estimated at 
about £26,000, and the profits on the^ptrit delivered in Singapore or Hong Kong 
would be equivalent to a dividend of 10 per cent, on the capital. An 8,000 gallon 
plant run for 24 hours per day would; require a capital of about £122,000, and 
this, it is estimated, would yield profits equivalent to 30 per cent, on the capital. 
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We have now seen the theory of X-rays developed and the enormous amount 
of work that was done before our ideas on the subject were clear, and next 
we will endeavour to trace the development of apparatus, but as the time at 
my disposal is so short, I shall be forced to treat the subject in a somewhat 
sketchy manner and to refer to the emergence of important principles rather 
than attempt any detailed reference to the many interesting modifications 
of X-ray apparatus which were made and worked by so many investigators. 
Furthermore, if there is time, I am anxious to direct your attention to the 
lines upon which X-ray apparatus is at present being improved. I wish to 
beg the indulgence of these X-ray pioneers who are still happily with us. I 
must, of course, refer to their work, and I shall endeavour to be as accurate 
as I can, but some mistakes will certainly occur, particularly with regard 
to priority of work in the congested time of early 1896, and I can only express 
my good intentions, and, as I proceed on my way, beg them to forgive me 
for my errors. 

X-rays are essentially a vacuum phenomenon, and, consequently. X-ray 
research may be said to have started with the " discovery of vacuum by 
GaUleo's brilliant secretary Torricelli in 1643. 


974 
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The idea of vacuum would appear to have always been a most fascinating 
theme. The first atomic theory of Democritus was a development of the two 
ideas Plenum and Vacuum, and ever since it is a question which has occupied 
the great thinkers of every age. Even now, in spite of our experimental ex¬ 
perience and resource, and in spite of that very simple, yet classical, definition 
by the school boy—^you will remember his definition of a vacuum—A large 
open space in which the Pope lives'* I—^in spite of these things the obtaining 
of a suitable vacuum in an X-ray tube is one of the outstanding problems 
of modem ph5^ics. 

After Torricelli, about seven years afterwards. Von Guericke gave us the 
first mechanical air pump—a long narrow tube fitted with a plunger and two 
valves. It is worked on the principle of the common suction pump. Sub¬ 
sequently there were others, but, in spite of these efforts, the Torricelli method 
of producing a vacuum remained in use for 200 years. 

It is an interesting fact that as late as 1845 a patent was taken out in which 
the method was used for producing a vacuum in an incandescent electric 
lamp. The later vacuum pump of most noticeable importance was, of course, 
the Toepler pump invented about 1862, and it is even now in fairly general 
use. It was used by all the X-ray pioneers. 

Concurrently, of course, with the development of vacuum apparatus, 
electrical work was progressing, and we must observe the growth of them 
both if we are to see where they join forces to produce our X-rays. 

Otto Von Guericke not only produced the first vacuum pump, but he also 
invented the first electrical machine, which consisted of a sulphur ball, which 
was rotated on a spindle and rubbed with dry hands. 

As a result of his work on these lines, he discovered that electricity would 
repel as well as attract, and also would yield sparks. 

Soon afterwards. Sir Isaac Newton improved Von Guericke's machine 
by substituting a glass for the sulphur ball, and afterwards a rubber was 
provided instead of using the hands. This was about the condition of affairs 
when we arrive at the year 1705, so important to our subject. 

I will show you pictures of some of these early electrical generators. 

Now in 1705, Mr. Hawksbee, F.R.S., discovered what is called his mercurial 
phosphorus apparatus. He found that by agitating mercury in a vacuum 
he obtained a glow. The first electric discharge in vacuo ! He thought this 
glow was a property of the mercury, hence the name he gave it. He adopted 
several methods of agitating his mercury and obtained the same result every 
time. He tried the experiment also in a non-exhausted bulb and observed 
small sparks, but no glow. Some time afterwards Mr. Hawksbee, still in¬ 
vestigating the properties of vacua, conceived the idea of rubbing different 
substances together in a vacuum, this time, of course, with the definite intention 
of mvestigating electrical phenomena. He arranged a mechanical device 
by which he could rub amber beads and wool together in an evacuated jar. 
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He observed a glow. He next tried glass and wool and obtained what he 
describes as " a fine purple light,” and he says, “ upon letting in a little air, 
both the light and colour did diminish." 

. By the courtesy of the Royal Society I am able to show you illustrations of 
these classical experiments. 



Fig. 1. 

Hawksbee’s Apparatus, “ Mercurial Phosphorus,*' 1705. 

(By courtesy of the Royal Society). 

The next development of interest is contained in the observations of the 
Ahh6 NoUet, in Paris, published in 1740. This gentleman appears to have 
been interested in Hawksbee's results and to have carried his investigations 
a little further. He used an electric machine and pump and connected his 
electrical machine to his vacuum by means of a chain and obtained very 
striking results. He demonstrated that electrification was possible in a vacuum. 

Slides 7 and 8 are reproduced from his records in the Roysl Society. In¬ 
cidentally another very interesting point which illustrates the prevalence 
of empirical observation at this time is described by NoUet in 1763. It is a 
novel form of electric generator. These observations are not original, but 




Hawksbee's Apparatus, Attrition " Apparatus. 

(By courtesy of the Royal Society, Phil. Trans., 1705). 

are due to a Mr. Symmer, who, in 1759, observed that his stockings had a 
tendency to fly together when he took them off, but only when he was wearing 
stockings of different materials. He observed the same thing with a black 
and a white silk stocking, but not with two blacks or two whites. He observed 
this phenomena because he happened to be in mourning and wore a black 
stocking over a thin white one. Mr. Symmer was so impressed that he com¬ 
municated several papers to the Royal Society on this subject. 

In 1785, a Mr. William Morgan conducted certain experiments which are 
of the greatest importance in the history of Radiological Research. His idea 
was to investigate the possibility of passing an electric discharge through a 
Vacuum. His results are most interesting to us. In the first place by suitably 
preparing his apparatus—^he tells is that he boiled his apparatus, and he 
also boiled his mercury in a “ special manner "—Mr. Morgan obtained in 
1785 what we now know as a Coolidge " vacuum. He found that it was 
iflipossihie to pass his electric discharge. He proceeded with these investiga- 
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tions, and - on allowing a little air to enter he observed a green fluorescence. 
Mr. Morgan was undoubtedly producing electronic bombardment, and 
consequently, X-rays, and was very probably the first experimenter to do so. 
He goes on to record the fact that he could estimate the degree of vacuum 
he obtained by means of the colour of the glow when a discharge was passed. 



Eig. 111. 

Abbe Nollet’s Apparatus. Electric Discharge in 
Vacuo (1740). 

(By courtesy of the Royal Society). 

In 1831, w'e have one of the most striking discoveries of modem^times— 
I refer, of course, to Faraday's induction apparatus—^the transformer and 
induction coil to which radiology owes so much. 

By the kindness of Sir Wm. Bragg, I am able to show you a slide of 
Faraday's original apparatus. 

This discovery, of course, stimulated work on electrical lines. Electrical 
conductors and non-conductors had already been discovered in 1729 by Steven 
Gray, and the process of electrification by induction had been discovered in 
about 1760 by John Canton, which led to influence machines, and finally 
the Wimshurst electrical machine. 
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Just previous to Faraday's discovery. Dr. G. S. Ohm had introduced the 
modem ideas of current and electro-motive force resulting in the emmciation 
of bis famous law. 



Fig. IV. 


Mr. Morgan’s Apparatus. 

(By courtesy of the Royal Society, Phil. Trans., 1785). 

Faraday's work very soon resulted in the appearance of other induction 
coils, interrupters and so on. I will show you an illustration of an induction 
coil and interrupter of Bachhoffner of about 1837, ^^Iso an interrupter 
of Sturgeon's of 1838. 

Another curious H.T. generator might be mentioned here, again illustrating 
empirical observation and its results. 
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In 1840 Armstrong wrote to Faraday to tell him of an extraordinary electri¬ 
cal phenomenon of which he had been informed. It appeared that a leakage of 
steam had occurred from a steam engine boiler and the whole boiler was found 
to .be electrified sufl 5 ciently to give a definite spark and shock. This 
phenomenon was investigated by Armstrong in the succeeding years to 
1843, with the result that he constructed his hydro-electric machine. It is 
said that the spark from the machine was 22 inches in length. 

Faraday found that the electrification was caused by the friction of the 
water particles against the nozzle and not to evaporation which was suggested 
by Armstrong. 

One of these machines is to be found in the Science Museum at South 
Kensington. Now, as far as electrical development w^' /erything was ready 
for the discovery of Cathode rays. 

We will now take up the story of the development of electric discharges in 
vacuo at the point where Mr. Wm. Morgan had made such marked progress. 
Incidentally I want you to notice how experiment is tending to advance from 
the almost purely empirical observations of Hawksbee, for example, to Morgan 
who experimented with the idea of verifying a definite hypothesis. 

Humphry Davy, and then Faraday, investigated the subject, and Faraday 
of course, observed the dark space round the cathode, which directly led to 
HittorFs discovery of his straight line negative glow light, in other words, 
the Cathode stream. It is of interest to note that Hittorf observed that the 
shape of his tubes and the deposition of the electrodes had a very marked 
effect on their electrical resistance ; a rather remarkable forecast of that 
piece of apparatus now so much used and known as the valve tube. Hittorf's 
advance was largely due to the much improved apparatus now available. 
It was now 1869. He used a Rhumkorf coil and condenser and an improved 
form of Toepler pump due to Dr. Gcissler. He was consequently able to 
work with much better vacua than the earlier workers. Then came Crookes, 
who told us practically everything about the Cathode stream. As we have 
already seen he was only wrong about its constitution. 

Crookes found that the degree of vacuum necessary to produce fluorescence 
in his bulbs was, roughly, one millionth of an atmosphere, or .00076 mm. Hg* 
We call that one bar. We might note that the degree of vacuum in a modem 
X-ray (Coolidge) tube is about one hundred times better than this. Crookes 
made tubes of various shapes and designs in order to demonstrate the various 
properties of his " radiant matter.'" Perhaps the greatest interest in the 
Crookes tube was the ability of the Cathode stream to cause certain substances 
to fluoresce, and so to produce the most striking and beautiful results. 

All of these Crookes’ tubes must have been producing large quantities of 
unrecognised X-rays. One of the most striking facts about the discovery 
of X-rays was its semi-accidental character. Very many investigators must 
have been on the very verge of the great discovery. Sir Herbert Jackson, 
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for example, was experimenting with Crookes' tubes in order to discover 
materials, the phosphorescence from which might consist only of illtra violet 
radiation. In the course of his work, he noticed that certain objects outside 
his tubes were emitting visible light. Of course, he was very much impressed 
by this phenomenon, and concluded that the effect was due to short wave 
lengths emitted by the mineral ores which were inside the tube. He repeated 
the experiments with an aluminium window in his tube, and the results were 
intensified; and in his own words, “ Just when I was puzzling over this, 
Rontgen's discovery was published, and I saw the explanation of my own 
results.” 

, Rontgen’s discovery was actually due to his use of a fluorescent screen of 
barium platino-cyanide, which was a material in very general use. Rontgen 
describes how he observed this material to fluoresce when in the vicinity 
of a Crookes’ tube, which he was operating by means of an induction coil. 
He says that this radiation will penetrate card, wood, etc. Even a sheet 
of aluminium 15 millimeters thick still allowed the rays to pass. 

The first published records of X-ray experiments in this country are by 
Mr. Campbell Swinton, and I shall refer to them in my next lecture. Mr. 
Campbell Swinton was very early in the field with modified apparatus. In 
most of the experiments with Crookes' tubes it had been desirable to demon¬ 
strate the generation of heat, but now heat, which cracked the glass, was to 
be avoided, and to this end Mr. Campbell Swinton stuck a piece of platinum 
foil on the glass of his tube, on the spot on which the Cathode rays would 
impinge. This was very probably the first use of platinum as the target of 
X-ray tube. 

Sir Herbert Jackson immediately experimented with the new rays and 
tried bulbs of various shapes, and he very soon convinced himself that the 
best shape and design for an X-ray tube was a spherical bulb fitted with a 
concave cathode to focus the cathode stream. Sir Herbert Jackson has yet 
to be proved wrong—^for this is the standard shape at the present time ! 

I will now show you some slides of early X-ray tubes. I cannot show 
you Sir Herbert Jackson’s original tube because it does not exist. Sir Herbert 
tells me that he has heard of bulbs being shown and referred to as his first 
bulb, but they are not authentic, as the first bulb was, most unfortunately, 
broken. 

Sir Herbert Jackson also experimented, in 1896, with many different metals 
as the targets of X-ray tubes. Prof. S. P. Thompson pointed out that metals 
of high atomic weight would be the best emitters of X-rays, and, in point of 
fact, in June, 1896, Sir Wm. Crookes had used metallic uranium as a target, 
but gave it up owing to the difficulty in obtaining the metal. In 1898, 
however, osmium target tubes were actually on the market. 

The following are some early forms of X-ray tubes and serve to illustrate the 
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rapidity with which the salient features of the X-ray tube, as we know it now, 
were developed. 

In March, 1896, Mr. Campbell Swinton introduced an X-ray tube having 
two cathodes intended for use with alternating currents. In June Sir Oliver 
Lodge introduced the all metal X-ray tube—an early recognition of a pressing 
need which has not yet been adequately met. 

Towards the end of 1896 we had the heavy anode tube, due again to Mr 
Campbell Swinton, and early in 1897 he gave us an X-ray tube with adjustable 
electrodes. In 1898 ,1 think, we had the first automatic regulator X-ray tube. 

Another early development of this subject is not without interest. You 
will remember that the discovery of X-rays was brought about by the 
fluorescence of barium platino-cyanide salts. This is, of course, the double 
salt which is used in the fluorescent screens in modem use. Such screens were 
in use from the very first, though some of them were of potassium platino- 
cyanide. Edison sent the following very optimistic telegram to Lord Kelvin 
early in March, 1896. Just found calcium tungstate properly crystallised 
gives splendid fluorescence with Rontgen rays—^far exceeding platino- 
cyanide—rendering photographs unnecessary.'' 

As early as January 30th, 1896, Mr. Campbell Swinton had suggested at 
University College that a fluorescent material should be used, cither as a 
photographic screen, or incorporated with the photographic emulsion in order 
to shorten exposures. He went on to say that he had experimented with both 
methods. Other writers put forward the same idea. 

J. W. Gifford, in about April of this year, records his use of the same method, 
but using a potassium platino-cyanide screen. It would appear that the 
reason for these screens dropping out of general use for so long was the difficulty 
of eliminating the grain—a trouble which has not yet been entirely overcome. 
Another and rather surprising point of interest is that ** Two screen " technique 
and double-sided films were used in X-ray work as early as 1897. Dr. Max 
Levy says that by employing this technique he was able to shorten exposures 
from 12 to 15 times. (In practice it is only possible to obtain a reduction in 
exposure from, say, 25 to 20 times with modem technique.) Other workers 
record similar results. 

In 1897, also, our somewhat modem practice of using sheets of lead as 
intensifier screens for hard radiation had been anticipated. Bignet draws 
attention in 1897 the advantage of putting lead behind the photographic 
plate and also of covering the sides of the object in order to eliminate blurring 
of detail by scattered radiation. 

One thousand nine hundred-and-thirteen was a red-letter year for X-rays, 
for in that year Dr. W. D. Coolidge introduced the first hot Cathode X-ray 
tube—whereas previous X-ray tubes depended for their action upon the 
ionization of some residual gas by an electric discharge for the production 
of the cathode stream. The new tube produced the electron stream by 
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evaporation of electrons from an electrically-heated tungsten filament. The 
new tube operated at saturation current and so the voltage and the current 
were adjustable and controllable independently, which alone gave it an 
enormous advantage over the old gas tubes. 

The principle of the Coolidge tube, of course, was based on the work of 
Fleming, Richardson, and others on the emission of electrons from hot bodies 
and the adaptation of this phenomenon in the construction of electrical valve 
tubes, but the application of this principle to an X-ray tube was made possible 
by the valuable work in Dr. W. D. Coolidge’s new method of working that 
very refractory metal tungsten, which he described in 1912. 

The largest commercially available Coolidge tube is rated at 200,000 volts, 
and it is the tube which is employed in heavy industrial radiography.^ 

Let us now consider the present position and try to understand exactly 
what modem research on apparatus is aiming at. I intend to exclude all 
reference to that highly important aspect of the subject—its medical applica¬ 
tions. 

1. We will first decide what we want X-rays to do. 

2. Then we will see what apparatus we have at present and whether it 

will do it. 

3. Then we must determine what jtpparatus we want and whether we shall 

be able to get it. 

What do we want X-rays to do ? 

We want radiology to be the indispensable adjunct to all engineering practice. 
That will do for the moment. 

X-rays enable us to examine the interior of materials without in any way 
damaging or destroying them. This is a fundamental fact of the greatest 
importance. Let us consider steel castings for all manner of purposes. After 
the casting is made a great deal of money and time is spent in machining 
and preparing it for its final use. If the casting has flaws in it they ma}" only 
become apparent after a great deal;of expensive work has been done on the 
casting. On the other hand, they may not be discovered and remain a hidden 
source of danger. Now X-rays enable us to examine the inside of such castings 
before work is done on them, but only in the case of comparatively small 
castings at present. The expense involved in machining castings is very much 
more for larger castings than small ones, therefore we want X-rays to enable 
us to examine very large masses of steel, say, up to 8, 10 or even 12 inches 
in thickness. We also want such examinations to be practical and safe. That 
will do for the moment as to what we want X-rays to do. 

Now what apparatus have we got ? We have to consider two types of 
apparatus: the electrical generator and the X-ray tube. The thickness of 
steel, which is penetrable by X-rays is very largely governed by the voltage, 
which we are able to apply to the terminals of the X-ray tube—for reasons 
which I shall* refer to in a moment, we are more or less confined at present 
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to electrical transformers yielding about 200,000 volts, and this is not enough. 
This voltage will only allow us to penetrate about three inches of steel. Of 
course, we use it, but such examination has nothing like the money sav ing 
value it would have if we could penetrate eight inches of steel. 

So we have tried to produce higher voltages. This is a problem that has 
involved much study of questions of transformer design, insulation and so on. 



I'lG. V. 

400,000 volt. X-Ray Installation, 

Radiological Laboratory, Research Department, Woolwich. 


The illustration shows a transformer designed and constructed in my 
department which is rated at 400,000 volts. 

It is essential in the production of X-rays that the current should pass in 
one direction through the X-ray tube, and as this transformer supplies current 
first one way and then the other, we have to adopt some method of inducing 
both halves of the current to proceed in one direction and the next slide shows 
the methods most generally in use. 

(A description with illustrations was given of the usual methods of rotating 
disc rectification, and also rectification by means of hot cathode valve tubes.) 

You will see from these diagrams that, from an X-ray point of view, this 
machine is a very inefficient generator of X-rays. Therefore, at present 
our research is towards a better one. So much for X-ray generators. 
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Now we will consider what we have at present in the way of X-ray tubes. 
I have said that the type of tube generally used in industrial practice is the 
large type Coolidge tube, whose maximum voltage is 200,000. If you attempt 
to give it any more it breaks. Sometimes even these tubes get nervous and 
break before they get as far as 200,000. At the same time this is the very 
best tube that can be bought at present. Therefore, you see the limiting 
penetrable thickness of steel is defined very largely by the X-ray tube. We 
have just seen that we have a generator that will give us 400,000 volts. If 
we had a tube that would take this voltage we should probably be able to 
penetrate eight inches of steel. Then it is the development of the tube which 
must occupy the chief place in radiological research. 

There are several very important factors involved when we come to consider 
the production of tubes for extremely high voltages. Our old friend the 
vacuum turns up again in a very difficult mood, and he is the chief obstruc¬ 
tionist. The higher we go in voltage the better must be the vacuum in our 
X-ray tube. Every scrap of gas must be pumped out, not only out of the 
bulb, but also every particle which is lurking among the molecules of the metal 
electrodes and the glass walls. 

This problem must not be confused with that of merely obtaining, or even 
of obtaining and maintaining, a very high vacuum. In the course of pumping 
out the gas, ionization occurs which results in isolated streams of positive 
and negative charges roaming about in the tube and manifesting their presence 
by cracking the glass in the most unlooked for places and at the most in¬ 
opportune moments. 

Our chief problem is so to design the tube that these inevitable stray charges 
shall be under some sort of control, even when a powerful disturbing element 
like three or four hundred thousand volts is brought into contact with the tube. 

These problems have not yet been solved, but they are well under way, 
and a large amount of information has been acquired concerning the conditions 
in which these stray charges are influenced. 



Fig. VI. 

Hooded Anode Tube (Radiological laboratory, Woolwich). 
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The next slide illustrates a new type of X-ray tube which is designed to 
control to some extent the formation of positive ions in places where they do 
considerable damage to a tube o^^erating at very high voltage, and the principle 
involved will probably be of considerable value in the production of a very 
high voltage tube. ^ 

I will show you some modern experimental types of X-ray tubes which have 
been experimented with in my laboratory. 

A very important feature of hot cathode X-ray tubes is the device employed 
to focus the cathode stream. It is desirable that the output of X-ra^ation 
shall be from one particular spot on the target—the focal spot. The method 
adopted in the standard Coolidge tube is shown in the next slide. 

You will see from the last slide that X-rays proceed not only from the focal 
spot, but from all parts of the target. 

I will now show you another type of cathode which has been designed by 
my colleague, Mr. C. Croxson, which constitutes a very great improvement. 

From the last picture you will see that the radiation from parts of the target 
other than the focal spot has been enormously cut down. In the Coolidge 
tube the radiation from these other parts is estimated at one-sixth of that 
from the focal spot. With the improved cathode it is only one-fiftieth of the 
amount. This is a most important point in tube design, and is based on an 
entirely different method of controlling the disposition of the cathode stream. 

We have now seen something of the way in which X-ray apparatus has 
developed. W’e have seen that there is a demand for very wide X-ray applica¬ 
tions involving complicated and powerful apparatus. There is no question 
whatever but that we shall satisfy these demands. Nothing but the highest 
possible degree of skill, combined with infinite patience sustained through 
reiterated failure, will achieve success; and surely a most cursory study of 
the labours of those who have gone before, a rapid review of their failure 
and their most brilliant successes, must provide the very best and noblest 
stimulus to those of us who are giving our lives to the triumphant vindication 
of all that we claim for our specialised branch of physics. 


THE INFLUENCE OF THE MOTOR SHIP ON EXPORT TRADE. 

The spectacular happenings of the war and post-war periods have tended to 
obscure a silent revolution in shipping which has been going on in the last 15— 
and especially in the last five years. The exporter has been so absorbed with the 
dramatic boom in 1919, the sudden collapse in 1920, and the slow and painful 
recovery of trade in the last four years, that he has given little thought to the 
details of shipping. He has been conscious only of the severity of competition 
abroad and the high expenses at home. He has even been inclined to say that 
high ocean freight rates are keeping him out of desirable markets, when, as a 
matter of fact, the decline in ocean rates has been greater than the decline in prices. 

Unseen, except by the careful observer, says the ofi&cial United States ** Commerce 
Reports,*’ a force that should cause world trade to increase has been at work. 
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This force is the motor ship, which, by jr^ucing the cost of carriage by sea, is stimula¬ 
ting oversea trade. 

The term “ motor ship ** has come to be applied to a vessel equipped with Diesel 
engines for propulsion. A Diesel engine is an internal-combustion motor, as 
opposed to a steam-power engine in which coal or oil is burned under boilers to 
make steam. In a Diesel motor crude oil is forced under great pressure into a 
cylinder in which the air is compressed to about 500 pounds per square inch. The 
resultant temperature within the cylinder is so high that combustion results 
immediately when the oil is forced in. This combustion causes expansion; in 
other words, produces power. 

The first small seagoing motor ship was constructed in igio, and the first large one 
in 1912. Since that time, in spite of the fact that four war years have intervened 
in which construction was limited largely to standard designs of steamers, motor- 
ship tonnage has increased to 1,700,000 gross tons. Of all the ships under con¬ 
struction in the world to-day, more than one-third are to be equipped with Diesel 
engines. This large amount of motor-ship tonnage in active employment has a 
distinct tendency to keep ocean rates down. 

The most recent development in motor-ship construction is in the field of the 
large passenger ship. Hi^erto only cargo boats and small passenger-cargo ships 
have been equipped with Diesel engines; but in the past year two passenger ships, 
averaging around 20,000 gross tons each, have been ordered and are now nearly 
completed. 

Necessarily, engine designs have had to be changed to develop the enormous power 
for driving a 20,000-ton ship at a speed of 17 knots. The double-acting type (with 
an impulse or each side of the piston) has been successfully designed and constructed. 
While large power installations for high speeds are not entirely faultless, it is reason¬ 
able to assume that the Diesel engine has made an entry into the most difficult 
marine field, the express passenger service in.the north Atlantic. 

The motor ship in general is to-day the most efficient ocean transportation unit. 
Although a new motor ship costs approximately 25 per cent, more than a steamer 
of similar size, it can carry goods from 10 to 30 per cent, cheaper. These economies 
are due to several factors. A Diesel-engine installation takes up much less space 
than a steam plant, thereby allowing more cargo to be carried. A Diesel engine 
consumes much less fuel than other t37pes. In general, 0.43 pound of fuel is required 
to produce one brake horsepower hour in a Diesel engine, as compared with 0.90 
pound for an oil-burning steamer and =3[,25 for a coal burner. It takes a smaller 
crew to run a motor ship than to run a steamer. No coal passers or trimmers are 
needed on a motor ship, nor are so many oilers required. There are numerous smaller 
advantages which also contribute to the unquestioned economies of motor-ship 
operation, 

('onsiderable interest in motor ships has been shown by American shipping 
companies, and a number of vessels of this type have been built for private American 
shipowners. All the leading shipyards in the United States have developed types 
of marine Diesel engines or are building them under license from leading European 
companies. Congress recently appropriated $25,000,000 to enable the United 
States Shipping Board to convert about 50 of its better-class steamers to Diesel 
propulsion. 

In the near future, concludes “ Commercf Reports,’* the trade of the world will 
indubitably tend to increase more rapidly, because the motor ship is cheapening the 
cost of ocean transport as surely as the steamer did in the eighties of the past 
century. 
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Rdntgen's discovery of X-rays was first announced in this country by a 
telegram from Vienna published in the Standard newspaper on January 6th, 
1896. It was called a photographic discovery—and the practical importance 
of the new discovery to surgery was pointed out. The telegram concluded:— 

The ' Presse' (Vienna) assures its readers that there is no joke or humbug 
in the matter. It is a serious discovery by a serious German Professor." 

On January the 7th, 1896, Mr. Campbell Swinton took what were probably, 
the first X-ray photographs in this country. His first experiment was to 
radiograph a piece of aluminium upon which, half-way through the exposure, 
he put a penny, and, when the plate was developed, the penny was visible. 
On this day he also took a photograph of a hand, and the exposure was about 
20 minutes. 

Fig. VII. is the radiograph he obtained. It is interesting to compare this 
radiograph, remembering the time of exposure, with one taken the other day 
in the Radiological Laboratory at Woolwich the exposure for which was a 
practically immeasurable fraction of a second, a mere flick ! 

The following slides are all pictures taken by Mr. Campbell Swinton during 
the first few days after the discovery was announced. Fig. VIII. is a picture 
obtained in January, 1896, by my father in his private labpratory. 

988 
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Fig. VII. 


First X-Ray Picture taken in England, Jan., 1896, 
by Mr. A. A. Campbell Swintoix, l''.R.S. 

Mr. Campbell Swinton pointed out that he got much better results with a 
high frequency electrical supply than with an induction coil. This, of course, 
was due to the fact that the early tubes were not constructed to carry the 
heavy discharge of an induction coil. He also stated as early as the beginning 
of February that in order to shorten exposures, high voltage and high vacua 
were necessary. He obtained at this time a very successful radiograph of a 
foot, with a 55 second exposure using a lo-inch spark induction coil working 
at “ about half power,*' and in April, 1896, Dr. John Macintyre succeeded 
in obtaining a very good radiograph of fingers with a single flash exposure. 

Concerning early applications of this new radiation the remarkable thing is 
that all or very nearly all of our much vaunted modem applications were 
certainly suggested, if not actually used, in the very early days. A very early 
non-medical application was told me the other day by Sir Richard Gregory. 
It appears that one or two days after the announcement in the Standard, 
Professor Sir H. Jackson invited Sir Richard and some other friends to visit 
his laboratory to witness some experiments with the new X-rays. On the way 
Sir Richard Gregory called at a shop and bought an umbrella; he insisted 
upon having one in which the handle and the stick were all one. In spite of 
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Fig. VIII. 

Radiograph of Arm taken Jan., 1896, by Pullin. 



Fig. IX. 

Radiograph of Lord Kelvin’s Hand. 

Taken early in 1896 by Mr. A. A. Campbell 
Swinton, F.R.S. 

solemn assurances that the article purchased strictly complied with his require- 
ments, Sir Richard was a little sceptical, and he at once made use of the 
new rays to test the truth of the shopman’s assertion. Sir IJerbert Jadtson 
examined the umbrella with a fluorescent screen, and, lol the shopman 
was untruthful! The stick was clearly screwed into the handle! One 
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can imagine the consternation when Sir Richard took back the umbrella. 
This was probably the first “ industrial" application of X-rays. 

The value of X-rays to surgery was, of course, immediately recognised. 
Professor Rontgen was at once honoured by the Emperor. The Prussian 
Minister of War caused experiments to be made in order to discover whether 
the method could be successfully aii)plied to military surgery. 

Incidentally the contrast between German and our own more conservative 
methods is illustrated by the fact that some eighteen months after the above 
incident, a question was asked in ouf Parliament as to the supply of X-ray 
apparatus for the Soudan campaign. The reply, I believe, was that the S.M.O. 
could trace no case in Egypt where such apparatus would have been specially 
useful! 

Four days after the news of the discovery had been received in America a 
letter was received describing the use of X-rays to examine a patient with a 
bullet in the calf of his leg. It says 40 minutes' exposure produced a photograph 
showing the tibia and fibula .... and the flattened bullet lying between 
the two up against the inner angle of the tibia. Next day the bullet was 
extracted with a two-inch incision, although the bullet was five inches remote 
from the entrance wound. 

During 1896 all manner of medical applications were used not only to show 
the position of foreign bodies and fractures, but the rays had been used as 
an aid to diagnosis of tuberculosis, heart disease, bone disease and also to 
locate such things as a bullet in the brain, and a needle in the tonsil. Treat¬ 
ment by X-rays had also been tried for tuberculosis and cancer, and improve¬ 
ments in cancer cases had been reported. 

So wide and varied were the applications that in May, 1896, five months 
after the discovery, the first British periodical devoted to X-ray matters 
appeared—“ The Archives of Skiagraphy." The British Journal of Dental 
Science, in April, 1896, quotes a report to the effect that a dentist has applied 
X-rays in his profession. It states that the results are most delightful. Tooth¬ 
ache is a thing of the past! It was an American dentist! 

In 1897 the same Journal records that by means of X-rays a patient at 
University College Hospital was relieved of his anxiety that he had swallowed 
his false teeth. He went happily home to look for them. 

The next slide shows a very remarkable radiograph taken a few months 
only after Rontgen's discovery. 

The next, a still more remarkable picture—full-length radiograph of a 
woman completely clothed. Dr. W. J. Morton, who took this wonderful 
picture in the early months of 1897, remarks that he particularly chose a well- 
formed and well-nourished woman for the experiment—in order, no doubt, 
to make it harder! The film, 5ft. long by 3ft. wide, was specially made for 
the experiment. 
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Industrial uses for X-rays have recently come very much to the fore, and, 
as I shall show, are now being very widely adopted, but the very early 
references to industrial applications are extremely interesting. Quite recently 
it was brought to my notice that what appeared to be the very last word in 
X-ray applications was the examination of coal for impurities and quality. 
It is, therefore, somewhat surprising to find that this work was actually in 
progress before July, 1897, and in 1898 the method was apparently in general 
use in France. 

One month after the discovery of X-rays they were used in America to 
examine a metallic weld—a piece of metal which had been welded, but showed 
no flaw or line of fracture. The X-rays however, revealed the fracture. This 
result was regarded as highly important by the Ordnance Officials as a future 
means of testing armour for hidden defects. 

In 1896 X-rays had been used for the detection of food adulteration. They 
had also been used in experiments to discover whether they had any germicidal 
action, and by the middle of 1897 they had been used :— 

For the discrimination between real and artificial gems. 

For the detection of the contents of parcel post packages. 

For the detection of flaws in welds. 

For the detection of contraband in baggage. 

To examine insulation in cable making. 

To examine the interior of bombs. 

To examine the properties of alloys. 

And late in 1897 they had been used in the investigation of potatoes, the 
X-ray density of which was found to increase as the potato is richer in / cula. 

They were also used to detect impurities in baking powder—this was in 
America! 

In 1898 Rontgen reported that under rather exceptional conditions he had 
managed to penetrate one-six inches of iron ! 

In 1904 it was reported that X-rays were used to detect pearls in pearl 
oysters without opening the shell or injuring the mollusc in any way. The 
process was said to save much time. 

In 1899 3 -^ American enthusiast patented a process of manifold printing by 
X-rays. Many sheets of sensitized paper were piled up with the copy on 
the top, which was written or printed with a " metallic " ink ; the whole was 
X-rayed and copies made. It must have been an expensive business, apart 
from the initial cost of the kinetoskotoscope, as, I think, it was called. 

You will observe that in the first year or so the number of applications 
was really very remarkable. Most of these applications, however, dropped 
out of use, chiefly because X-ray apparati^ was scarce and expensive, technique 
was, perhaps, a little strange, and also there was the bogey of X-ray disease 
which very soon became so prevalent. 
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X-rays have claimed a lamentably long list of martyrs, but happily, owing 
to our advanced knowledge, we are able now to design installations which 
are safe, and, therefore, future harm need not appear to any great extent. 

The first suggestion of the harmful effect of X-rays appears to have come 
from Edison, who reported that both he and Dr. W. J. Morten suffered from 
sore eyes for some hours after the work with X-ray tubes. 

Very early in 1896, however, other bad reports were received. A corres¬ 
pondent of “ Nature,*’ in October, 1896, describes a severe dermatitis of the 
hand. 



Fig. X. 

X Kay [iisfallation for Veterinary Purposes. 
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We must now devote our attention to modem applications of X-rays, and I 
shall confine myself to those strictly within my own experience. Since the use 
of X-rays fpr industrial, or rather war department purposes, was first seriously 
suggested by the Research Department, Woolwich, some seven or so years 
ago, we have devoted ourselves not only to the improvement of apparatus 
and technique, but also to propaganda. Various departments and individuals 
had to realise that this new method was bound to come. As I said in my 
second lecture, the fact that you were enabled to investigate the inner structure 
of materials without in any way damaging them is much too fundamentally 
important to be disregarded, even though the method is admittedly immature. 
We have had a very long fight, but I am really very delighted to be able to 
tell you that the work has now borne fmit. Not only are X-rays used very 
largely by the Government factories as a method of confirming the excellence 
of the metal castings they produced, and for other investigation purposes, 
but I have just been instructed to prepare designs of special X-ray apparatus 
for the purpose of routine inspection of war stores—fuses and so on. The 
moral factor of such inspection is not without significance. A workman will 
know that his finished work, sealed up though it may be, will be inspected 
by an infallible method exactly as he has left it. This fact will, undoubtedly 
cause him to exercise all the care of which he is capable, and, maybe, even a 
little more! 

I have also to prepare designs of special installations for the use of the Air 
Ministry in the examination of aeroplanes. These routine uses are most 
gratifying, especially as they are the result of many years of weary demonstra¬ 
tion, as the method has slowly improved, 

T shall show you later a picture of a very efficient installation, designed 
and constructed in my laboratory, for veterinary purposes. It is installed 
in the Army Veterinary School at Aldershot, and is in very general use. 

You will remember that I said in my last lecture that we were now able 
to penetrate three inches of steel. I am very glad to be able to tell you that 
only during the past week I have proved myself to be wrong. With certain 
apparatus, which has only just been completed, and upon which we have been 
engaged for some considerable time, we have been able to penetrate four 
inches of steel. This, I think, is the most that has so far been possible. The 
next slide (Fig. XI) is the radiograph we obtained. 

I have heard it said that the Government is always somewhat dilatory and 
behind the times, but I think I have said enough to show that in the matter 
of radiological research, at any rate, it has set an example to industry which 
they would do well to take to heart. And what is true of radiological research 
is true also of all branches of science. 

X-r?i3^s are very adaptable. You have just seen the maximum possible 
penetration. 

The next slide shows, by way of contrast, how X-rays may be used to show 
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such a delicate tracery as the circulatory system of a leaf. (A large number 
of slides were shown, illustrating the various industrial purposes for which 
X-rays might be used.) 

I now want you to consider another modem application of X-rays. Perhaps 
it will prove to be the most valuable of all! 

We have seen that we may examine the interior of a block of steel four inches 
in thickness, and also that we may see the inside of a baby mouse. 



Fig. XI. 

Radiograph showing penetration by X-Rays of 4 inches of Steel, 
obtained February, 1925, in the Radiological Laboratory, Research Department, 

Woolwich. 

You will remember that if we have enough skill and experience we may 
investigate the inner stmeture of the atom by means of X-rays. Now the 
X-rays will also allow us to investigate the details of that hardly less fascinating 
structure the crystal, 

I spoke of Professor Von Laue’s wonderful inspiration when he used a crystal 
as an X-ray diffraction grating and so virtually settled the long X-ray con¬ 
troversy. 

How does a crystal reflect X-rays ? 

In the first place, what is a crystal ? 
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A crystal is essentially a symmetrical arrangement of a large number of 
structural units—made up of the atoms and molecules of the substance 
composing the crystal. 

These units are arranged in perfectly symmetrical layers, and, of course, 
having three dimensions—consequently as the crystal grows these little 
units pile themselves up along three definite axes. 

Crystals vary in character, through a very wide range depending on the 
directions of the axes. For example, if all three axes are at right angles, 
the crystal will belong to what is called the cubic system. Incidentally, 
most metallic crystals belong to this system. 

The differ-^nce between a crystalline and an amorphous substance is simply 
that the crystal has enough of these symmetrically arranged units to enable 
the form to be recognised. Apparently amorphous material, on the other 
hand, may still be composed of crystals, but they are so very minute that 
they are not recognisable as such. 

Now how does the crystal reflect X-rays ? 

These structural units in the crystal are separated from each other by 
distances of the nature of 10 *^ cms.—approximately the wave length of an 
X-ray. 

The word reflectingin this connection is a somewhat misleading term. 
X-ray reflection by a crystal is not at all like the reflection of light by a mirror, 
which is entirely a surface effect. X-ray reflection, on the other hand, is not 
a surface effect; the X-ray is reflected by the atoms inside the crystal, and this 
reflection is possible because the planes which intersect the space lattice of 
the crystal, as it is called, are separated by distances commensurate with 
the X-ray wave length. 

Now just consider how varied in direction these atomic planes may be. 
Fig. XII is a diagram of a cubic crystal, showing the arrangement of 
these little structural units and the way in which these reflection planes may 
intersect. 

The reflection of an X-ray beam, as you will see, is a very complicated 
thing, as each one of these units may take part. If, however, we consider 
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just one X-ray of definite wave length, it will be reflected by a crystal if two 
conditions are fulfilled. The angle of incidence must be just right and the 
distance separating the reflecting atoms must also be right. 

There is a very simple relation between the X-ray wave length ; the distance 
separating these planes, and the angle through which the X-ray beam is 
reflected. 

The instrument used for the investigation of crystals by X-rays is due to 
Sir William Bragg. Like all manifestations of genius it is extremely simple. 
The difficulty about it is the interpretation of the results which it yields. 

You will see that if we know the wave length of our X-ray and we observe 
the angle through which it is reflected, we may determine the distance apart 
of the little units composing the crystal in that particular plane, ariti if we 
turn the crystal round and repeat these observations all over we may re¬ 
construct the form of the whole crystal. Conversely, if we know the structure 
of the crystal, we may analyse the X-ray beam and determine its wave length. 

I have tried to give you a very general idea of this wonderful piece of 
apparatus, the X-ray spectrometer, and the way in which it operates. Its 
applications are far too numerous to mention. Sir William Bragg has done 
the most beautiful work with it on the analysis of very complicated organic 
crystals. 

Westgren and others have investigated the crystal structure of iron and 
steel. In the Research Department we seek to apply the method to add to 
o ur knowledge of the properties of explosives, and of certain metals of service 
importance. 

The question of strain in metals is one in which this particular method of 
investigation may have great value. It has been generally believed that strain 
in metals is accompanied by a slipping, as it were, of the unit planes in the 
crystal, one layer along another, but in a way which has not altered the crystal 
structure—the space lattice. Some work recently done by Czochralski, 
however, seems to suggest that this is not invariably true, that in certain 
cases of strain the arrangement of the little structural units in the crystal 
may actually be distorted. • This, of course, is an ideal problem for the X-ray 
spectroscopic method of investigation. 

We recently had occasion to investigate some specimens of charcoal which 
had been specially prepared to absorb gases. The specimens varied in their 
capacity for absorption, though no chemical difference between them could 
be observed. 

X-ray spectroscopic methods showed that in every case there were two 
kinds of structure—the crystal stnicture characteristic of graphite, and another 
structure which had no crystal form at all. We were able, from a consideration 
of these results, to say that the best charcoal for the purpose was one in which 
the microscopic structure was modified by the process it had undergone and 
was characteriseci by the presence of a proportion of regularly arranged carbon 
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atoms (graphite) and a proportion of irregularly arranged carbon atoms (the 
amorphous element). 

Another application, which is a direct modification of Professor V. Laue's 
• method, is due to my colleague, Mr. H. Pealing. The method has been very 
beautifully developed by Dr. Gilbert West. It is a quick method of deter¬ 
mining the size of the crystals in a metal specimen. 

A beam of X-rays is passed through a specimen of the metal, and each 
constituent wave length of the beam is reflected by its appropriate plane in 
crystals composing the metal. 

The result is seen as a number of spots, rings or other markings on the 
developed negative. A proper interpretation of those markings yields in¬ 
formation concerning the size of the crystals and other information of con¬ 
siderable interest regarding their orientation. 

I have tried in these lectures to convey to you some idea of the development 
of X-ray research both theoretically and practically. I know that I have 
dealt most inadequately with the subject. My intention was to stimulate 
your interest and so to induce you to seek for more information. The results 
now obtainable, though they are far from perfect, are the product of many 
lifetimes of patient work. Scientific results do not drop from the blue at 
the feet of casual passers by; they develop slowly and are revealed by profound 
knowledge and unremitting hard work. 

It is the imperative business of industry and the general public to support 
to their utmost bodies and institutions (of which a most illustrious example 
is the Royal Society of Arts), which are so strenuous and successful in making 
science known and also in encouraging scientific workers in their efforts, their 
failures and their successes. 

It is a great pleasure to express my indebtedness and thanks to the Council 
of the Royal Society, the Director of the Science Museum, Sir William Bragg; 
Sir Herbert Jackson, and Mr. Campbell Swinton for their help and kindness in 
allowing me to reproduce certain illustrations; and particularly to my old 
friend and colleague, Mr. W. J. Wiltshire, for all his help, and for his skill 
and care in the preparation of many of the lantern slides. 


OBITUARY. 


Samuel Digby, C.I.E. —Many Fellows of the Society, and especially those 
interested in the Indian and Dominions and Colonies Sections, will learn with deep 
regret of the death of Mr. Samuel Digby, which took place at a nursing home in 
London, on September 23rd. 

Mr. Digby was bom at Wisbech in 1853. He started his career as a journalist 
on the Isle of Ely and Wisbech Advertiser, which was also the training ground of 
his close and life-long friend, the late Sir Thomas Jewell Bennett, who, going 
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out to Bombay, ultimately became the principal proprietor of the Times of India, 
and on returning to this country was elected M.P. for the Sevenoaks division of 
Kent, and was a member of the Council of the Royal Society of Arts at the time of 
his death in January last. Like Sir Thomas Bennett, Mr. Digby also went in early 
manhood to Bombay, where he was for some years assistant-editor of the Times of 
India. On his return to England, in the late eighties, he contributed London 
letters to the Bombay Gazette and the Indian Daily News (Calcutta), some of which 
work he continued to carry on up till last year. 

In 1890 he was appointed Secretary of the Indian Section of the Royal Society of 
Arts, and in 1898 he also became Secretary of the Colonial (now the Dominions and 
Colonies) Section. About a year ago he was further entrusted with the editorship 
of the Journal. It would be impossible to speak too highly of the zeal and devotion 
with which Mr. Digby served his two Sections. He spared no pains to secure the 
very best speakers and chairmen, and he was tireless in his efforts to Attract good 
audiences. Probably nothing gave him so much pleasure as to sit in his chair on the 
platform and contemplate a well-packed hall at one of his meetings. Thanks to his 
admirable work, both these Sections are now in a very flourishing condition, and as 
a result the Society is able to boast of a very large number of Fellows resident in 
India and in the various Dominions and Colonies. 

Mr. Digby was Hon. Secretary for India of the Seventh International Congress 
of Hygiene and Demography held in London in 1891, and of the Eighth C'ongress 
held in Budapest in 1894. He also assisted in the movement which led to the 
appointment of a Select Committee of the House of Commons to consider the 
grievances of the Uncovonanted Services of India. He was created C.I.E. in 1907. 


Louis Starr, M.D., TX.D.—Dr. Louis Starr, who had been a Fellow of the 
Society since 1917, died on September 12th, at Dinard, Brittany. Born 
in Philadelphia in 1849, he was educated at Haverford, Pennsylvania, whence he 
graduated M.D. in 1871. He held a number of important posts in connexion with 
various hospitals in Philadelphia, where he also built up a large private practice, 
and he was the author of several important medical works. One of the best known 
and most highly respected figures in Philadelphia, he was a warm friend of this 
.country, and always eager to promote the union of the great English-speaking 
races. Writing of him in The Times, Sir Geoffrey Butler, M.P., says :—“ Few 
familiar with Philadelphia of the last generation had not met that wisest of gentle¬ 
men and of family advisers. Dr. Starr,; and there are many among those who lead 
in the life of the citj^ to-day who, at the earliest possible moment of their existence, 
made the acquaintaiice of this large-hearted practitioner. But his many English 
friends have spcciatreason for cherishing his memory. The death of his son, Dilwyn, 
as an ofi&cer in the Guards, who fell on the field of battle during the period of the 
official neutrality of the United States, snapped something in the life of his parents 
which nothing could restore. These, and other afflictions, made unbearable to him 
the surroundings of his earlier and h?ippy years; and his wife and he moved to Europe 
to spend the time of his retirement. Afflicted by more than ordinary sorrows and 
anxieties he was upheld by a greater than ordinary serenity. He died in France, as 
his son died. Many in England will long be mindful of their debt to both.'' 
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Council. The chair will be taken at 8.30 p.m. 
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THE INNER STRUCTURE OF ALLOYS. 

By Walter Rosenhain, D.Sc., F.R.S., 

Superintendent of the Department of Metallurgy and Metallurgical Chemistry 
at the National Physical Laboratory. 

Lecture I .—Delivered Monday, February ibth, 1925. 

There are various aspects from which one may view the structure of metals. 
There is the grosser structure—^what is called macrostructure ^which can 
be seen in many cases by either examining fractures, or by deeply etching 
roughly polished surfaces, showing the general arrangement of the crystals 
of the metal. Then there is the more interesting, and in many ways more 
imp>ortant, and certainly the more deepseated structure, which we know as 
the microstructure. 

The inner structure with which these lectures deal, however, is something 
beyond that. It is really the atomic structure of metals alloys ^which 
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is to l)e discussed. It is important because I think that in the knowledge which 
we have gained in recent years of the arrangement of atoms in crystals generally, 
and in the crystals of metals and alloys particularly, we shall find the key to 
that maze of facts concerning metals which has been accumulated by the 
labours of many research workers during the last 40 or 50 years, and by other 
workers, perhaps less systematic, during the centuries before them. 

In order to explain how the new knowledge which we have gained about the 
atomic structure of crystals explains the facts of metallurgy, I should really 
begin by recalling some of the principal facts which it is proposed to explain ; 
but I do not propose to go through anything so extensive, but only to refer to 
a few of the principal facts which we have to explain. In the form in which 
I propose to put them before you they are already classified, summafised and 
condensed into something approaching a scientific knowledge of the subject, 
but when we have done all that can be done in that respect by classifying and 
arranging our known facts—we are still faced by a maze of diversified data 
which, at first sight, appear to have no common system and no connecting link ; 
and it is that common system and that connecting link which the knowledge 
of the atomic structure will, I think, supply. 

The constitution of alloys has been studied at great length, and with ever- 
increasing precision and detail during the last 40 years. The earlier studies 
can only be regarded now as pioneer attempts which gave maps of those 
alloy constitutions corresponding in their accuracy, or want of accuracy, with 
the kind of maps which were drawn round about the year 1500, when a map 
of the world w’as attemj)ted ;. they were, cnide, but useful. None the less, we 
have had to discard these crude maps and have had to devote an enormous 
amount of labour to the accurate study of alloy systems ; and that accurate 
study has not even yet been carried to anything like the length which is 
required to give us all the data to test the accuracy of the theoretical conceptions 
which we are now able to formulate. 

When we know the constitution of alloys, we express it in the terms of what 
we call an equilibrium diagram. That sounds a little formidable, but is in 
reality quite a simple thing. We can say that we know all about the constitu¬ 
tion of an alloy system when we are able to define exactly what constituents 
and in what proportions those constituents will be present in any alloy of a 
given chemical composition at any specified temperature—strictly speaking, 
between at.solute zero and the boiling point of the metal, or even beyond it. 
As a rule, we do not concern ourselves very much with very low temperatures 
or with temperatures above the melting point, and the diagrams in which we 
represent our knowledge of the constitution of alloy systems usually indicate 
only the possible constitutions of those alloys between the ordinary temperature 
and the point at which they are completely liquid. If we take an alloy system 
of two mietals—^what we call a binary alloy system—the problem is compara¬ 
tively simple, because we can represent the facts on a plane diagram. We 
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plot that diagram by arranging that the distances between two points on a 
horizontal line shall represent the chemical composition, either in terms of the 
number of atoms per cent, or in terms of percentage by weight; and we arrange, 
at right angles to that ordinates representing temperature. By drawing a 
sufficient number of lines on such a diagram, we can map out the whole of the 
constitution of an alloy system. When we speak of the constitution, it must 
be remembered that we can only define in a permanent satisfactory manner 
the equilibrium constitution—the constitution which the alloys will assume, 
given sufficient time and a sufficiently low rate of cooling —i.e., the final stage 
which they tend to reacli. 

I will begin with one or two of these diagrams which have been most 
thoroughly studied. The first of them, .shown in Fig. i, is a simple one. It 
represents the alloys of zinc and cadmium. 

7/j Cd 



Here the horizontal line at the bottom is marked off in ixn*centages of cadmium 
starting with zinc at the left-hand end and going up to loo per cent, of 
cadmium at the right-hand end. Temperatures are represented vertically. 
The diagram is divided by lines into a number of fields. The first field at the 
top, above the line A.E.H.—field No. i —repre.sents the temperature range 
when the alloys are completely lupiid. Along the line A.E. we have solidifica¬ 
tion commencing by the separation <)f zinc. Along the line E.B. it commences 
by the separation of cadmium. Next, there are two triangular areas in which 
the alloys consist of mixtures of .solid and liquid. Then the horizontal line 
C.E.D. represents the end of the .solidification process. 

The next (Fig. 2) is rather more complicated. This repre.sents the alloys of 
aluminium and magnesium according to a determination made at the National 
Physical Laboratory. Here we have a much more complicated set of 
conditions. Not only the two pure metals crystallise from their liquid solution, 
but there are also certainly two, and ix)ssibly three, intermetallic compounds 
making their app)earance in that more complicated region in the middle of the 
diagram. 

We pass on to another system (Fig. 3)—the system of coppeY-zinc alloys, in 
which we have a diagram of a still more complicated kind in which there are 
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Fig. 2. 

a large number of separate microscopic constituents represented by the various 
letters of the Greek alphabet. These are merely tokens, but it is convenient 
to speak of these various constituents by the names of Greek letters rather 
than by other names. This is a diagram of a very different type. 
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A still more complicated diagram is represented by Fig. 4—the alloys of 
iron and carbon. This is a complex system, in spite of the fact that it deals 
only with a short range. The diagram only extends to about 5 per cent, of 
carbon, for the simple reason that one never meets with alloys—in fact, it is 
very difficult to prepare alloys—containing much more than 5 per cent, of 
carbon. It is not necessary to go into detail as to the exact meaning of all 
the.se diagrams; the purpose of showing them is mainly to indicate the kind 
of information which we possess. 



When we come to alloy systems of three metals—ternary alloys—matters 
are more difficult. One can no longer represent composition by points along 
a straight line. We have to represent composition by points on an equilateral 
triangle, and on such a triangle, as a ba.se, we have to erect our temperature 
verticals. The result is that instead of the curves and lines representing the 
transformations which the alloys undergo, we now have surfaces, sometimes 
curved and sometimes plane, and the only way of representing those is by a 
solid model. Originally this was done by means of solid models made of 
plaster of Paris, but more recently the idea has come in of using models made of 
wire, which have the advantage that they indicate the various surfaces and 
yet allow all of them to be seen at once, which cannot be done in the case of a 
plaster of Paris model. Fig. 5 shows a photograph of one of these models. 

It is a model representing the equilibrium conditions of a small range of the 
alloys of aluminium, copper and nickel. 

Each of the surfaces indicated on this model represents the results of most 
careful determinations made by thennal measurements and microscopic 
examination, sometimes of little specimens of metal which havfc been maintained 
carefully at a constant temperature—constant to within. i®C—^perhaps for 
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a month or more. Sometimes that has had lo be followed either by very 
slow cooling or b\^ very rapid cooling. By these methods, coupled with 
pyrometric observations, it has been possible, slowly and laboriously, to 
determine the nature of these equilibria and to establish these diagrams and 
models. There can be no question that in such a diagram there is a mass of 
most valuable information, but when a number of them are considered together 
it is very difficult to .see e.\actly what they mean. Why is it that lead and 
tin give one diagram, copper and zinc another, aluminium and magnesium 
another, iron and carbon yet another, and so on, through a whole collection 
of different pairs or groups of alloys ? At first sight there seems to be no 
systematic connexion whatever between them, but I think it- is possible to 
show that there is a connexion, and a very intimate and systematic one, which 
we can follow and understand. 

But first a little more should be said about these diagrams because, after 
all, if we can explain their nature and meaning in terms of simple general 
principles, we shall have made a stride forward in our understanding of the 
facts of metallurgy. 
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Fig. 6 is a diagram—not of any particular alloy system, hut a type. It 
is the type of alloys in which there is what is known as a continuous system 
of solid solution. The term “ solid solution,” of which I shall have a good deal 
more to say afterwards, is not so paradoxical as at first sight it appears. It 
means that two metals are melted together- metals of this kind of which 
copper and nickel are very good examples—when they solidify and are allowed 
to reach equilibrium by sufficiently slow cooling, they possess a microstructure 
which, in most respects, is identical with that of a pure metal. The solid metal 
is therefore built up of a mass of crystals which are chemically all alike. In 
other words, there is only one constitutent in these alloys. It means that 
after complete solidification and equilibrium has been reached the state of 
intimate mixture which existed in the liquid solution of these metals has been 
preserved in the solid crystals. That is why we call them solid solutions. 
Now what happens in that case is this—that if the melting or freezing of these 
alloys is observed, and on a diagram of this kind the curves are plotted that 
pass through all the temperatures at which melting commences and at which 
freezing commences, two curves like X.Y.Z. and X.P.Z. are obtained- -X.V.Z. 
being the curve of commencing solidification and X.P.Z. that of complete 
solidification. It will be evident that at the points'X and Z. representing the 
two pure metals, the two curves meet, but they diverge in the middle of the 
diagram to an increasing extent. That means that the alloys in the middle 
of that diagram, instead of melting or freezing at a single temperature, have a 
melting or freezing range ; and that is typical of all solid solutions, but there 
is no break ; there is a perfectly continuous line from one end of that diagram 
to the other. 



two metals are incapable of preserving a condition of mutual admixture when 
in the solid state. Strictly speaking, metals of that kind do not exist—that 
is to say, metals in which there is complete in:>olubility in the solid state, but 
there is a close approach to it in some cases. This diagram shows two branches 
in the curve representing the commencement of solidification, X.Y. and Z.Y. 
which meet at the point Y. Through that point we have a horizontal line 
P.Y.Q, which represents the end of solidification. Along the line X.Y., the 



loo; JOURNAL OF THE ROYAL SOCIETY OF ARTS. 


Oct. 9 . 1920 . 


metal represented at the end A crystallises out of the liquid, leaving a liquid 
residue which gradually concentrates in B. and finally, at the point P, when 
it reaches the line P.Y., the remainder solidifies in the form of what is known 
as a eutectic alloy. Similarly, along the curve Z.Y. we have separation of the 
metal B with a concentration of A in the remaining liquid. The liquid contains 
more and more A, as we remove B from it by successive crystallisation, until, 
finally, the same eutectic which forms along P.Y. forms also along Q.Y. We 
have along the side P.Y. crystals of the metal A embedded in this eutectic, and 
along the other side we have the crystals of metal B embedded in the same 
eutectic. At the jx)int Y we have the pure eutectic, which is nothing more 



nor less than an intimate mixture of minute crystals, forming alternate larninje 
of A and B. That is an ideal case which, strictly speaking, is never obtained 
in practice. An approach to it is found in some cases, but the majority of 
alloy systems are intermediate l^etween the.two types shown in Figs. 6 and 7. 
An intermediate diagram is shown in Fig. 8, which is typical of a great many 
alloy systems. 



Fig. 9 - 
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Here there are the curves X.Y. and Z.Y. meeting at the point Y. There is 
a separation of eutectic along P.O., but between A. and C. and between D. and 
B. there is no separation of the two constituents. The metals are capable 
of existing in a state of admixture in the solid up to a certain concentration. 
There is what metallurgists call a certain limited solubility of one metal in the 
other in the solid state. They can crystallise together as homogeneous crystals 
until a certain definite concentration is reached. After that, a second phase, 
the eutectic occurs. 

The microscopic appearance of some of these constituents, although not of 
vital importance in the present connexion, is still of some considerable interest. 
The first of the micrographs (Fig. 9) shows the structure of a pure metal. 

In this case the metal is nearly pure iron. The whole field is divided into a 
number of roughly polygonal areas, each of which represents the section of a 
single crystal. It is an aggregate of crystals grown together into a solid lump, 
but each crystal has its own orientation which differs from the orientation of 
its neighbours. There is only one kind of crystal present. 

Solid solutions, when they have attained equilibrium, have a structure exactly 
like that of a pure metal, but in the other kind of alloy system—the eutectiferous 
type—in which solid solubility is limited, entirely different kinds of structure 
are found. F'ig. 10 shows an alloy of tin and lead containing only a few per 



cent, of lead. It consists of white crystals with a black and white dotted 
structure surrounding them. The white areas are the crystals of tin which 
were the first to solidify and the eutectic, which has completed the solidification, 
fills up the gaps between them. If the alloy contains rather more lead there is 
more of the eutectic. This is plainly seen in Fig. ii. 
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Fig. II. 


The white crystals of tin are much smaller and the amount of eutectic greater. 
Intimately in alloys lying near the bottom of the V. in the equilibrium diagram 
of such a system, the whole area is occupied by eutectic, as seen in Fig. 12. 



Fig. 12. 


This eutectic constituent is really nothing more nor less than the two metals— 
in this case lead and tin—crystallised together in the most intimate fashion— 
not as one crystal, but as a mixture of two kinds of crystals. 

Sometimes these finely laminated structures are formed by the breakdown 
of a solid solution. It sometimes happens that a solid solution remains stable 
down to a particular temperature, and then it breaks up into a mixture of 
two phases. The best known example is the well-known eutectoid—the 
pearlite of carbon steel, shown in Fig. 13. For many years it was thought 
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Fig. 13 . 

that this was unique—that there were no other substances forming eutectoids 
of this kind, but more recently my colleague, Mr. Archbutt, and I discovered 
in the aluminium-zinc alloys a eutectoid which very closely resembles in 
structure, and in many other ways, the eutectoid of steel. This is shown in 
Fig. 14. 
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Fig. 14. 


It is very like the iron-carbon eutectoid. 

In the more complex alloy systems there are some other types of constituents. 
These are the second and third phases, generally called P and r. Fig. 15 
shows the a and P phases in a copper-aluminium alloy containing 7 or 8 per 
cent, of aluminium. These two constituents do not show thfi eutectic structure. 
They are both solid crystals, but they are two totally different bodies. 
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Fig. 15. 


These bodies which we see under the microscope as the constituents of metals 
are crystals. It has remained for a very recent advance of physical science 
to give the final demonstration of that fact; but long before the modem 
methods of X-ray analysis were thought of metallurgists were able to prove 
clearly and satisfactorily that those bodies were crystals. That proof was 
first given by the late Dr. J. E. Stead, and others added to that proof from 
time to time. 1 would recapitulate that proof, because it is interesting in the 
light of more recent and more complete knowledge. 

Fig. 16 shows a section of a piece of very pure clean iron, deeply etched, and 
viewed under the ordinary normal illumination, the light falling vertically 
downwards upon the surface ; the various polygonal grains are outlined by 
thin lines, and are differentiated from one another by variations of tint. If, 
instead of being illuminated l^y light falling vertically upon it, such a surface 
is illuminated by light falling obliquely upon it, a different effect is produced— 
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an effect which bears to the first picture almost exactly the relation of a negative 
to a positive. These two aspects of the same stnicture are seen in Figs. i6 and 
17 - 

The reason is that the etching re-agent which has been used in preparing 
these specimens attacks the surfaces of the crystals and, to a certain extent, 
unbuilds them and reveals their structure by developing upon the surface a 
series of minute facets. Those facets are all similarly directed in one crystal, 
but the direction varies from crystal to crystal. When light falls vertically 
upon such a facetted surface, those facets which are most nearly horizontal 
reflect the greater part of the light back into the microscope. Those which are 
inclined reflect some of it away and therefore appear less bright. When the 
light falls obliquely upon the surface, that state of affairs is reversed, and those 
areas which were dark before, now appear bright, and vice versa ; if either 
the light or the specimen is rotated, these crystals flash up in turn just as if 
they were little mirrors arranged at various angles. That is what they actually 
are, but instead of being single mirrors they are thousands of tiny mirrors. 
It is sometimes possible to see these tiny mirrors under favourable conditions. 
One of the most beautiful examples is obtainable by deeply etching the surface 
of a piece of silicon steel. That was done by the late Dr. Stead, who very 
kindly presented some of his micrographs to me. One of them is reproduced 
in Fig. i8. 

Sometimes these facets can also be seen on other metals. 



Fig. i8. Fig. ig. 


Fig. 19 shows a surface of tinplate on which the facets have been developed. 
We have here the junction of two crystals, and it will be seen that the facets 
are differently arranged in the two. 

Fig. 20 shows the crystal structure revealed in yet another way. This is 
from a piece of cadmium which has been allowed to solidify in contact with 
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glass. There was a little layer of gas or moisture on the glass, which could not 
escape, and the crystal had to build itself round those little particles of gas or 
moisture, and in so doing it left these beautifully geometrical pits or holes to 
accommodate the little bubbles of moisture, thus revealing in a beautiful way 
the uniform orientation and architecture within each grain and the changi* of 
orientation from one grain to the next. 

That is the structure of a simple metal, but there are other constituents 
besides simple metals in our alloys. Solid solutions and eutectics have already 
been mentioned. We have now to consider those puzzling things inter- 
metallic compounds. At first sight chemists would have thought that two 
metals, being both chemically closely alike; would not form definite compounds. 
Nevertheless, they do, and we have to reckon with the fact, because those 
compounds are very characteristic and very troublesome bodies. They are 
generally peculiar in that they tend to form angular crystals, and are nearly 
always hard and brittle. 

Fig. 21 shows an example of the appearance of one of the.se compounds in a 
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microsection. This is the compound Mg.^ Si. which has crystallised from 
solution in an aluminium-silicon-magnesium alloy, and the forms which it 
assumes are obviously crystalline and geometrical. 

There arc many other compounds between metals—for instance there are 
copper-tin and antimony-tin compounds which exist in white bearing metals. 
Fig. 22 shows these as white stars and cuboids on a dark background. This 
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is an alloy consisting mainly of tin with antimony and copper; the little star- 
shaix^d crystals are the copper compound and the little cuboids are the antimony. 
Those little hard crystals have a great deal to do with the usefulness of the 
alloy as a bearing metal, but our interest in them for the moment is rather as 
types of the characteristic qualities of intermetallic compounds, differing 
in that respect essentially from solid solutions, which are, as a rule, tough and 
ductile, while intermetallic compounds are hard and brittle. An interesting 
and characteristic example is the compound of aluminium and copper—Cu AI2. 
It contains rather less than 50 per cent, of aluminium and takes the form of 
beautiful silver-white needles which can be obtained by melting equal quantities 
of copper and aluminium together, pouring the molten metal into a suitable 
mould, and when crystallisation has gone a certain distance, emptying out the 
liquid. This leaves behind these beautifully needle-shaped crystals. They 
arc exceedingly brittle. That is a remarkable fact, considering that aluminium 
and copper are two of the most ductile of the common metals. Yet here is an 
intermetallic compound of the two which is very brittle and altogether different 
from either copper or aluminium—that being characteristic of a chemical 
combination. What is the explanation of all these things ? 

The explanation of this and many other facts would have been difficult 
were it not that physicists have developed a method of studying the atomic 
structure of matter by means of X-rays, which has given results of the most 
extraordinary interest and far-reaching importance. That method was 
developed first of all from a discovery made by Laue—that a crystal can 
diffract X-rays. What we mean by that is simply this : If a train of light waves 
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falls upon a series of obstacles placed regularly at distances apart, which are 
of the same order as the length of the light waves themselves, the well-known 
phenomena utilised in the diffraction spectroscope for producing a diffraction 
spectrum, appear. Each of these obstacles acts as the source of a new light 
wave. The light is scattered by each of these obstacles, and if it so happens that 
the light from the successive obstacles reaches a screen, or the eye, in such a 
manner that the waves sent out from one obstacle reinforce and coincide with 
the waves sent out from the next, and so on, then there is a very bright reflection 
at that particular point, but there are other points where the crest of the wave 
sent out by one obstacle coincides with the trough of the wave sent 
out by the next, and those waves extinguish one another. At .such a point 
there is no reflected light at all; there is darkness. The arrangcifient of 
light and darkne.ss in the reflected beam depends upon the spacing of the 
obstacles and upon the length of the waves of light which is used. If one 
is known, by measuring the spacing of the shadows and lights on the screen, 
the other can be determined. In other words, if light of a known wave length 
falls upon a grating—a .series of lines ruled on the reflector—and the distances 
apart of the light and dark bands in the reflection from that reflector are 
measured, the distance apart of the lines in the grating can at once be calculated, 
or vice versa, if the distance apart of the lines of the grating is known the wave 
length of the light that is falling upon it can be calculated. The wave length 
of the X-rays is from 1,000 to 50,000 times smaller than the wave length of the 
shortest wave of visible light, and consequently we cannot rule upon any 
ordinary surface—in fact, we cannot produce artificially —any series of obstacles 
clo.se enough together to give this kind of effect. We can rule, perhaps, 200,000 
lines to the inch, but we cannot rule 20 millions or 200 millions to the inch. 
If we could, our materials would not be fine enough to stand them. But, 
fortunately, Nature has done it for us by arranging, in the crystals, atoms and 
molecules grouped at distances apart which are just about right to produce 
this effect with the minute wave length of X-rays. There was for long a 
controversy as to what X-rays were—-whether they were pulses or corpuscles, 
but ultimately the idea predominated that they must be waves, and the idea 
of waves once having been accepted the next step was to find some means of 
analysing those waves, and Laue hit upon the idea that the spacing of the atoms 
and molecules in a crystal, where presumably they would be regularly arranged, 
would be just the thing. He showed mathematically what ought to happen, 
and then did it, and a new path was opened for the investigation of the inner 
structure of matter. I am not now referring to the structure of the atom itself, 
about which we have heard so much of interest and importance, but of the 
manner in which atoms are arranged in crystals and molecules. What happens 
with the X-rays passing through a crystal, or reflected from it, is exactly the 
same thing as occurs when light is diffracted from ruled lines on a mirror. The 
various layers pf atoms act as successive reflectors, and according as those 
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layers of atoms are certain distances apart—according as that distance is such 
as to make the reflections reinforce each other crest to crest or blot each other 
out crest to trough—so we get light or darkness—X-ray light or darkness—upon 
the screen, and we can determine the existence of a reflection or darkness by 
various means—by a photographic film or by what is called an ionisation 
chamber, which measures certain electrical effects which the X-rays produce 
when they pass into a chamber containing certain gases. That method has 
been very much developed from the days when Laue began it. Laue’s method 
has certain limitations, but it has been developed by Sir William Bragg and 
A. L. Bragg in this country, by Hull in America and by Scherrer and Debye on 
the Continent, into a very powerful weapon for crystal analysis. As a result 
of that crystal analysis we now know' not only the wave Tength of the X-rays, 
but the exact distances apart of the atoms in a great many crystalline sub¬ 
stances. When I say exact,” I think it is right to say that in many cases 
those distances are knowm, minute as they are, to an accuracy of less than 
one half of one per cent. One mu.st remember that those distances are of the 
nature of 2 to 5 Angstrom units, and an Angstrom unit is one ten-millionth of a 
millimetre. It is possible by this means to measure a distance of 3 Angstrom 
units to (me-three-hundredth of an Angstrom unit, and a measurement of that 
degree of precision is almost unthinkable. None the less, it is perfectly 
attainable and the time is not far distant when, if only the atoms arc regular 
enough, we shall be able to measure those distances to perhaps ten times 
that degree of accuracy ; but we are now meeting the difficulty that the crystals 
themselves are not sufficiently perfect and regular. 

As a result of this development, carried out by physicists entirely for its 
own sake, without thought of benefit to the metallurgist, facts of very great 
importance have been brought out about metals. Those facts are a long story, 
and I can only deal to-night with the facts about pure metals. W’hat has been 
discovered is this—First of all that metals are cry.stalline. That was not a 
new discovery ; the metallurgist had discovered it 20 years ago ; but the X-ray 
analysis tells us more than that. It tells us, not only that we have crystals 
and what kind of crystals, but the exact way in which the atoms of the metal 
are arranged in those crystals ; and that method of arrangement is of a very 
interesting and peculiar character. The atoms are arranged on what we might 
call netw'orks, usually termed “ .space lattices.” The term ” space lattice ” 
has a formidable sound, but it is really quite simple. If a number of parallel 
lines equi-distant one from another on a plane are imagined spread out through 
a large volume of space, and intersecting them at right angles, another system 
of lines on the same plane; then we have a plane extending through a large 
region of space divided into squares. Multiply that plane indefinitely one 
above the other, at distances from each other equal to the side of the square 
which is ruled on each plane. We then have a set of planes each divided into 
squares one above the other, and by joining them up we produce, without 
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altering anything but merely drawing additional lines, vertical planes in both 
directions, also divided up into similar squares. In the region of space thus 
divided up into cubes, we have a space lattice—the simplest of all space lattices 
—a simple cubic lattice. It is obvious that space can be divided up into bodies 
of different shapes in a variety of ways by systems of lines of that kind. Of 
the numerous possible lattices of this sort, upon which atoms might be arranged, 
it fortunately happens that in metals we encounter only a few. 

Fig. 23 shows a rough diagram of what is really the commonest of all, space 



lattices in pure metals. This is what is known to crystallographers and to 
X-ray physicists, as the face-centred cubic lattice. A single unit of lattice 
is shown on the right-hand side and a diagram of 3 x 4 x 3 of these units arranged 
together is shown in the larger figure. Each face of the cube has the diagonals 
drawn across it in order to show the position of the atom at the face-centre. 
In a metal in which the atoms are arranged upon the face-centred cubic lattice, 
there would be one atom centred on every one of the comers of the cube and 
on the face-centres. In a unit cell of the lattice there would then be 8 at cube 
comers and 6 more at the centres of the faces. There would be in that unit 
cube 14 atoms in all. It must be remembered, however, that when the unit 
cells are built up together, each atom at the comer of the cube is divided up 
among 8 different cubes. It belongs as much to each of those 8 as to any one 
of them, so that one must say that the unit cell of the lattice contains only 
one-eighth of these 8 cube-comer atoms, and it contains only half of each of 
those at the face-centre, because each one of the face centres belongs to both 
of two cubes, so that we have one-eighth of 8, that is, one atom, belonging to the 
unit ceU, plus one-half of 6, that is 3. In other words, there are four atoms 
to the unit cube in that lattice. 
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Another space lattice whicli is sometimes found, although not nearly so 
frequently, in metals, is the body-centred cubic lattice. It consists of unit 
cells which are cubes, but there are no atoms located on the centres of the 
faces but only in the centre of the body of the cube. A diagram of the unit 
cell is shown in Fig. 24. 



Fig. 24. 


Of the eight atoms at the corners of the cubes each belongs to eight cubes. 
They, therefore, represent only one atom per unit cell, but the atom in the 
middle of the cube belongs to that cube and to no other. So that here there 
are two atoms for the unit cell whereas in the other lattice there were three. 
That is typical of another fact. If spherical balls of any kind arc piled up, 
if they are piled together as closel\' as possible, centres of the spheres will lie on 
the face-centred lattice, although an alternative arrangement—the hexagonal— 
is possible. They can also be piled .so as to make the body-centred arrangement, 
but they then occupy a larger space ; they are less closely packed. We, there¬ 
fore, speak of the face-centred lattice as being close packed.'" The body- 
centred lattice is not close-packed. But there is another way of close packing. 
In order to obtain the face-centred lattice the successive layers of spheres must 
be arranged in one particular way, but there is another way in which they can 
be packed— not identical with the face-centred method, but leading to the same 
result so far as density of packing is concerned. That leads to hexagonal 
packing. 

The symmetry of the corresponding lattice is less perfect, however, than the 
symmetry of the cubic lattice. The cubic lattice is alike from whatever 
direction it is looked at. The hexagonal is only alike from two directions, so 
that it has a lower degree of symmetry, and that brings with it certain 
characteristic differences of property. Since metals like zinc and cadmium 
follow this hexagonal method of crystallisation, whereas copper, aluminium; 
gold and silver, follow the cubic system, it is evident that the hexagonal form 
represents a different type of property. But all metals are not so regular in 
their crystallisation as those just mentioned. There are others, for instance, 
bismuth, antimony and arsenic, which crystalise in a somewhat different way. 
There space is no longer divided into a perfectly symmetrical system of cells, 
either cubic or hexagonal, but the cube is slightly distorted into a rhomboid. 
Not only this, but there are.two interlacing sets of lattices. The result is a 
structure which is actually very close to the face-centred lattice, but distorted 
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through a small angle. Antimony and bismuth are brittle—not ductile— and 
they differ in many respects from the metals following the cubic and hexagonal 
lattices. 

In concluding this lecture, it will be desirable to consider the actual numerical 
data for the interatomic distances—what we call the lattice constant, which 
is the size of the unit cube of the lattice. These have all been determined now, 
some of them perhaps not on samples of as high a degree of purity as desirable, 
but the values are none the less reliable. 

Table I. (See Appendix) gives a list of most of the metals, with 
their interatomic distances. That is the distance, centre to centre, 
of the points about which the atoms swing. It must be remembered 
that these atoms are not at rest at ordinary temperatures^ but 
are in considerable agitation, swinging about througli certain distances, 
but centred about the points, whose distances apart in Angst»*6m 
units are given here. They vary between just under 3 (2.96) in the 

case of cadmium to something about 6.1 Angstrom units. These figures, 
in some cases, are given to three places of decimals, and there is ground for 
thinking that these dimensions arc known to that kind of accuracy. These 
inter-atomic distances or lattice constants differ quite appreciably one from 
another, and one may ask. Why ? The answer, which might frequently be 
given, is that the atoms of the different metals arc different in size, but it is 
necessary to be cautious about such a term as the “ size ” of an atom. So far 
as we know, the atom is a kind of solar system. It is a centre—nucleus— 
surrounded by groups of electrons in rapid rotation, and it may be that a system 
of that kind effectively occupies a certain volume. It certainly does not fill 
it, and it is a mistake to think of atoms as if they were solid sphercjs which can 
be packed tightly together and which would only pack in accordance with a 
certain definite dimension. As an illustration, I may mention that by the 
use of very intense pressures of several hundred tons per square inch, Bridgeman 
has succeeded in compressing metals to something like two-thirds the volume 
which they would occupy if the atoms were at rest, and if they really had the 
" .sizes ” which are normally attributed to them. If it is possible to squeeze 
the atoms up in that way, we can no longer regard them as rigid spheres ; 
normally, however, they keep at certain distances apart from one another and 
they do so because at those distances a balance is set up among the forces 
between them. That balance of forces depends upon this—that there are 
certain attractive and certain repulsive forces at work. The attractive forces 
have a longer range than the repulsive forces. In other words, they diminish 
at a lower rate than the repulsive forces on moving away from the centre of 
the atom. It has been suggested that the attractive force diminishes as the 
gube of the distance and the repulsive force as the ninth power. That gives 
results which are not very different from the facts that we know, but we must 
regard the atom as an object which exerts forces upon its neighbouring atoms. 
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In some cases the forces are such that other atoms locate themselves most 
comfortably at a certain distance away, but mechanical moans, and other 
means—such as chemical combination—induce those atoms to come very 
much closer together, or pull them further apart, within certain definite limits 
only. If they arc pulled too far apart they part company; the attempt to 
press them too close together meets with such enormous opposition that the 
materials at our command do not suffice to go any further. We cannot think 
of atoms as rigid spheres. Perhaps it is a fairer analogy to think of them as 
tiny inflated balloons, but even that is a very dangerous analogy. The best 
way is to think of the atom as a system exerting forces, and the forces which 

APPENDIX. 

TABLE 1. 

CRYSTAl. STRUCTURE OF METALS. 


Lattice 


Substance. 

Crystal Structure. 

I'ype of Lattice. 

Axial 

Radio. 

Constant 
Side of 
Klementar) 
Cube or 
Hexagon. 

Sodium 

Body-centred cubic 



Magnesium 

Hexagonal 

T.b 2 .| 

3*2 -2 

Aluminium 

h'ace-centred cubic 


‘1t>5 

Silicon 

Tetrahedral cubic 


5-43 

Titanium 

Hexagonal close-packed 

1.50 

2.07 

Vanadium 

Jiody-centred cubic 


304 

Chromium 

Body-centred cubic 


2.8()3 

Iron 

Jk^dy-centred cubic ( a) 


2.86 


Face-centred cubic ( \) 


3.60 

Cobalt 

b'acc-ceutrcd cubic 


3.554 


Hexagonal close-packed 

1 -^>33 

2.5M 

Nickel 

I'ace-centred cubic 


3.54» 

Copper 

]'ace-centred cubic 


3.60 

Zinc ; 

Hexagonal close-packed 

1 .tSoo 

2.670 

Molybdenum j 

Bod^^-centred cubic 


3-*43 

Palladium 

Face-centred cubic 


3.o5‘> 

Silver 

Face-centred cubic 


4.060 

Cadmium 

Hexagonal close-packed 

i.So 

2.c>6o 

'J'in (grey) 

! I'etrahedral cubic 


t).4() 

Antimony 

j Rhombohedral hexagonal 

2.647 

4.28 

Tungsten 

* J3ody-centred cubic 


3.15‘> 

Platinum 

Face-centred cubic 


3.93« 

Gold 

Face-centred cubic 


4.08 

Mercury 

Tetrahedrzd hexagonal 

1.88 

3-84 

Lead 

Face-centred cubic 

• 

4.92 

Bismuth 1 

Rhombohedral hexagonal 


4.54 
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the atoms exert depend upon where they are situated in the periodic table of the 
elements, or upon their atomic numbers. 

Here we must leave the matter to-night; the next lecture will deal with 
the question of the interaction of different kinds of atoms when they are brought 
together in a single crystal. 


NOTES ON BOOKS. 

A Treatise on Light. By R. A. Houstoun. Fourth Kdition. London : I-ong- 
mans, Green and Co. 125. 6d» net. 

I'NTERMEDIATK LiGHT. By R. A. Houstoun. T.ondon ; Longmans, Green and 
Co. 65. 

Dr. Houston's larger volume, the Treatise on Light, has grown steadily in public 
estimation since the appearance of the first edition in 1915; and it is now looked 
upon as quite the standard volume for the man who wants^a treatise not too heavy 
for the hand, yet, at the same time, full and concise, because unwasteful in the 
use of words. 

So generally appreciated is Professor Houstoun's Treatise on Light that it needs 
no praise in a review, but we may touch on a few features of interest. The frontis¬ 
piece, which shows chromatic .spectra, includes that of the'mercury arc, which 
contains no red, and that of cobalt-blue gla.ss, which contains much red. We also 
.sec^ the almost or quite discontinuous swan spectrum as given by the low blue 
edge of a candle flame, and on the same plate as the spectra there are the two three- 
colour systems as used in chromatic photography ; green-red-blue for taking and for 
additive reconstitution, and yellow-red-blue for subtractive reconstitution as 
in printing. In the text is a notably complete summary as to the various methods 
for photography in colours (pp. 346-348). 

Planck's quantum is lucidly studied in it.s*latest a.spects (p. 472), and the account 
of “ The Einstein Star Shift " and its bearing on the doctrines of relativity (pp. 
469-471) is elucidated by three diagrams in the text (Figs. 331, 332 and 333). It 
thus becomes apparent that this fourth edition of Houston's Treatise on Light is 
well up to date and fully illustrated in the text. 

" Intermediate Light," the smaller volume by Dr. Houstoun, may be regarded 
as ^ introduction to or epitome of the Treatise; the higher mathematics being 
omitted and the text reduced to about one-third. It seems admirable as a school 
book or a general reading book, also as an aid in preparing for the primary or 
early examinations of our Universities. 


CORRESPONDENCE. 

ALCOHOL FOR MOTORS IN THE TROPICS. 

• The news of experimental or small scale production of alcohol in North Borneo 
contained on page 973 of the Journal of September i8th, prompts me to point out 
that with present methods large volumes of water are consumed in the production 
of this fuel. In many parts of the world' the tropics produce suitable growths for 
the extraction of alcohol, but not the necessary large volume of water. Some 
twenty years ago I had a visit from officials of the Society of Motor Manufacturers 
and Traderrto view a car here running on alcohol. 

A. E. PARNACOTT, 

M.I.Auto.K. 
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PROCEEDINGS OP THE SOCIETY. 


NOTICE. 

OPENING OF THE 172Bd SESSION. 

The Opening Meeting of the 172nd Session will be held on Wednesday, 
November 4th, when the Inaugural Address will be delivered by Sir Thomas 
H. Holland, K.C.S.I., K.C.I.E., D.Sc,, F.R.S., Chairman of the Council. 

The subject will be “ The Organisation of Scientific Research throughout 
the Empire.” The chair will be taken at 8.30 p.m. 


PROCEEDINGS OF THE SOCIETY. 

CANTOR LECTURES. 

THE INNER STRUCTURE OF ALLOYS. 

By Walter Rosenhain, D.Sc., F.R.S., 

Superintendent of the Department of Metallurgy and Metallurgical Chemistry 
at the National Phjrsical Laboratory. 

Lecture II.—Delivered February 2yrd , 1925. 

In the first lecture the atomic or lattice structure which has been discovered 
and established in the case of pure metals was briefly explained. We have now 
to consider what is the real subject of these lectures—^namely, the atomic 
structure of alloys. Let us begin by recalling to our minds the yarious con¬ 
stituents with which we have to d^ in allo3rs. Of course, pure metals are 
sometimes found, but as a rule the constituents ate either solid solutions or 
jntermetallic compounds. Even in so-called pure metals we rarely find any¬ 
thing so pnfb that we can ignore the presence of dissolved impurities. The 
constituent^ with whidi I want to deal first are those whidi are really the 
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predominant and most important constituents in metals, generally called solid 
solutions. That term, paradoxical as it may seem, is justified by the fact that 
in such a constituent we have a crystalline substance, homogeneous in composi 
tion, not only throughout each crystal, but from one crystal to another; so 
that after solidification—after equilibrium has been attained—a condition of 
intimate mixture is maintained, in the solid state which resembles as closely 
as possible the condition of intimate mixture which exists in the liquid solution. 
Therefore the term solid solution ** by analogy is justified. 

Let us recall how these solid solutions are formed. 

Fig. 8 (Lecture I.) is atypical equilibrium diagram of a binary alloy system in 
which there is partial solid solubility of the two metals in one another. There 
is a region at either end—the region XPCA on this side, and XQDB on the 
other—in which the metal is wholly solid, and consists of homogeneous crystals 
all alike in chemical composition ; but that region is limited to a certain 
concentration which may vary with the temperature, and beyond that the 
alloys consist of a mixture of the two solid solutions in the form of eutectic. 
That is the typical diagram. Sometimes the gap between the two regions of 
solid solubility is very small, and sometimes it disappears entirely, and then we 
have complete solid miscibility. It should be noticed that the two metals, as 
a rule, have different melting points, and that only the pure metals have single 
definite melting and freezing points. The intermediate alloys have a range of 
solidification or of melting, and therefore haVe not a single, definite melting 
point, but a region in which they are partially solid and partially liquid, in 
equilibrium. That is most important,.becau.se it is one of the striking features 
about solid solution alloys, which the ideas to be put forward serve to explain 
pretty clearly. 

The micro-structure of a solid solution when equilibrium has been attained 
is exactly the same as that of a pure metal. It consists of homogeneous crystals. 
A homogeneous crystal, consisting of atoms of two kinds, might be constructed 
in several different ways. The Germans have long called these solid solutions 
** mixed crystals.” That, in a sense, is not actually the German term. Perhaps 
a better translation of it would be ” mixture crystals,” but it has been trans¬ 
lated by the term ” mixed crystals.” It is, however, somewhat misleading^ 
because it suggests that each crystal is a mixture of minute crystals of the 
two metals. That was a theory which was held for a long time, but the evidence 
entirely disproves its possibility. There is no mixture of minute crystals of 
two different kinds in these solid solutions. The crystals are strictly homo¬ 
geneous, at any rate to a much finer extent than distinct groups of atoms of the 
two kinds would indicate. 

If one thinks of the atoms arranged.on a space-lattice, there are two ways * 
in which the two kinds of atoms can be mixed. There is obviously one way in 
which the lattice could be occupied indiscriminately by either kind of atom. 
The crystal would then be built more-jOr less haphazard of the two kinds of 
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atoms, just as a bricklayer having red and white bricks could mix them up 
anyhow in building a wall. The other alternative is this—that the lattice 
remains a lattice of the solvent metal, but that the other atoms are somehow 
or other pushed into what we might think of as the interstices between the 
others. At first sight it would seem difficult to discriminate between the two, 
but, fortunately. X-ray methods have made it possible to decide definitely 
between them—and in this way. If the atoms of the .solute replace the atoms 
of the solvent atom for atom on the lattice, then the resulting crystal will have 
a definitely calculable density. We know the weight of each atom to a very 
high degree of accuracy, and we can measure by X-rays also to a high degree 
of accuracy the average spacing of the atoms, and if we find on comparing 
the density calculated from those two figures with the actual density of the 
alloys determined by direct measurement that those densities agree, we have 
conclusive evidence that that is the arrangement; because if the dissolved 
atoms were present interstitially, then we would have a higher density than in 
the case where they f*eplace the solute atoms. That measurement was made 
for the first time by two of my colleagues. Dr. Owen and Mr. Preston, at the 
National Physical Laboratory on the alloys of copper and aluminium, and 
.similar measurements have since been made on a number of solid solution 
alloys, and the result is quite unmistakable. The conclusion is justified that 
in all truly intermetallic alloys there is nothing but substitution. The density 
and the X-ray measurements combined serve to show clearly that the atoms 
of the dissolved metal must be placed on the lattice of the solvent metal, and 
not interstitially. At the present time there is one, and only one, known 
exception, and that is the solid solution of carbon in iron above the transition 
temperature, t.e., in the ;• region. In that case there is evidence to show, 
from a comparison of the densities and the X-ray data, that the carbon atom 
occurs interstitially in the iron lattice. Exactly how it is placed we do not 
know. It may be a case of definite chemical combination, each carbon atom 
being attached in some special way to three of the iron atoms, and therefore 
placed interstitially between those atoms. That seems to be a very exceptional 
case, and so far no other case among all the alloys yet studied—and a good 
many s3^tems have been studied—has been found. Broadly speaking, there¬ 
fore, it may be said that the substitution hypothesis is definitely established. 

As an example, we may take the data for one system—the alloys of copper 
and aluminium at the copper end of the system containing up to 7 or 8 per cent, 
by weight of copper. 

In Fig. 25 the change of lattice constant is shown ; that is to say, the change 
in the dimensions of the primary cube of the face centred lattice in those alloys 
with increasing concentration of aluminium. The lattice is expanded. The 
average dimensions of the lattice increase with increasing percentage of 
aluminium. With concentrations up to 8 per cent., the lattice parameter 
increases from about 3.615 Angstrom'units to about 4.7. If the densities are 
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Fig. 25. 


calculated from those figures on the two hypotheses—the substitution and 
the interstitial—the graphs are obtained which are seen in Fig. 26. The 



Fig. 26. 

density as calculated from the interstitial hypothesis gives the figures of the 
upper curve—the full dots. The densities as calculated from the substitution 
hypothesis are indicated by the triangles, and the directly determined densities 
are given by the straight line, and the points lying upon it, partly from 
measurements made some years ago by Carpenter and Edwards, and partly 
from measurements made by Owen and Preston on the actual specimen they 
used. Although the agreement here is not quite as close as might be expected 
from experimental accuracy, it is so close as compared with the alternative 
hypothesis that it leaves no doubt between the two. Actually more recent 
measurements have eliminated this difference. The two densities agree as 
closely as can be anticipated, taking into account the fact, that no sample of 
metal used for specific gravity measurements is entirely free from interstices 
and pores. 
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If we accept, as I think we must, the substitution hypothesis as being 
substantially the correct interpretation of the facts in regard to solid solutions, 
two things must definitely follow, and at least one of them has been experi¬ 
mentally established. In the first place, one atom cannot be replaced by 
another with exact equivalence. Atom B will not replace atom A and produce 
upon the surrounding atoms exactly the same attraction or repulsion which 
atom of A would have done. The consequence is that the other atoms 
immediately surrounding it, if they remain in their old position, would no 
longer be in equilibrium, and they, therefore, take up new positions slightly 
different from the old positions. In other words, the lattice is slightly distorted 
by the presence of a stranger atom. That distortion must be large or small 
according to the difference in character between the two atoms. It should be 
noticed, however, that this is not necessarily a question of the size of the atom. 
The size of an atom is a very indefinite thing, and this is not a question of 
packing a larger sphere amongst smaller ones, but it is a question of introducing 
into an equipoised system of attractive and repulsive forces a centre whose 
attractive and repulsive forces are slightly different—they may be either 
larger or smaller than the attractive or repulsive field of the parent or solvent 
atom. According as the forces are different in one sense or the other, the 
stranger atom may cause a distortion in the sense of a local expansion or a 
distortion in the sense of a local contraction of the solvent lattice. If the 
atoms are extremely similar, the distortion may be very small. If they are 
very dissimilar then the distortion may be large ; and according as the distortion 
which the atom produces is large or small, so it becomes possible or impossible 
to build into the parent lattice a large or small number of stranger atoms 
without destroying that parent lattice. 

One may consider the matter from another point of view—a point of view 
which is really that of thermo-dynamics—by saying that the distortion produced 
in a lattice by the introduction of a stranger atom produces a storage of energy 
in the lattice. There is a certain amount of energy stored by the distortion 
of that lattice, and the lattice as a whole is capable of storing only a limited 
amount of energy. When that amount is exceeded there is some alternative 
arrangement which the atoms can adopt, in which the energy stored is smaller, 
and that alternative arrangement is immediately adopted—at any rate, if 
circumstances permit. 

The alternative arrangement may be one of several things. It may be a 
different lattice in which the two kinds of atoms can build together more freely, 
or it may be a liquid, or it may even be an under-cooled liquid; that is to say, 
a liquid at so low a temperature as to be quasi-solid. But in any case it is 
a question of energy content, which of those two things will result, or whether 
the lattice itself can undergo still further distortion and take up more atoms in 
solid solution. 

We may thus conclude that the first consequence of introducing a stranger 
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atom upon a lattice, is to produce distortion. The second is that the amount 
of distortion which can be produced is strictly limited, although not perhaps to 
any definite numerical lattice parameter. There is reason to believe that the 
actual amoimt of distortion which a lattice will stand without breaking dovm 
depends upon .the energy content of the alternative arrangement which is 
possible. If it is easy to form another lattice, an alternative lattice into 
which the two atoms can fit more easily than into the distorted parent lattice, 
then it may be that the lattice will break down with a relatively small amount of 
distortion. On the other hand, if it is difficult, or if the alternative is a liquid 
phase of high energy content, then the lattice will have to be very seriously 
distorted before it will break down. This is where a difficulty arises. If we 
could say what is the limiting lattice distortion which is possible in any given 
set of circumstances, it would be possible to write down equations fcfr the 
equilibrium diagrams of all possible alloy systems. We could calculate the 
limiting solid solubilities of atoms A and B, or atoms A, B, C, and atom D; 
but at present those figures are not known, and, unfortunately. X-ray methods 
do not enable us to determine the limiting distortion which actually occurs 
when we reach the limits of solid solubility. The X-ray figures give us the 
average inter-atomic spacing, but not the range between maximum and minimum. 
Perhaps when the methods are further developed it may be possible to arrive 
at that, or it may be possible to estimate it on theoretical grounds derived from 
other sources, but at the moment the figures are not yet available, and therefore 
the full quantitative working out of the consequences of our knowledge that 
these solid solutions are formed by substitution, and that substitution involves 
lattice distortion, is not yet possible. We can, however, draw certain quantita¬ 
tive conclusions which are open to experimental verification, and some of those 
I want now to explain. 

The distortion in the lattice may be of two kinds. Generally both kinds 
will be present. It may happen that this distortion is mainly or 
entirely local, that it is confined to a comparatively small region round each 
stranger atom. One hesitates to use figures, but it cannot affect more than a 
few hundred or thousand atoms around each stranger atom to an appreciable 
extent. On the other hand, .the stranger atom may not produce any local 
effect at all, but merely cause a general widening or narrowing of the lattice as 
a whole. Let me explain that by a very simple analogy. If in a pile of india- 
rubber sheets a number of small steel balls are placed here and there between 
the sheets, then if the pile is high and a fairly considerable weight is put upon 
it, the average distance apart of those rubber sheets, the thickness of the pile 
as a whole, is only very slightly increased, but there is a good deal of distortion 
of each rubber sheet in the immediate vicinity of a ball which has been 
introduced. On the other hand, if instead of rubber sheets, steel sheets are 
used, then there is practically no distortion of those steel sheets in the immediate 
vidnity of the balls, but the spacing of the sheets as a whole is increased, and 
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the thickness of the whole pile is increased. The first state of affairs—the 
rubber sheets—is the analogue of local distortion of the lattice ; and the 
second, the steel sheets, is the analogue of general distortion. Local distortion 
may not even be appreciable by X-ray methods. If the average lattice para¬ 
meter is not altered, but is only affected locally here and there in the lattice, 
theVe will be very little change in the X-ray spectrum. On the other hand, if 
the average distance is altered appreciably, each stranger atom widens out a 
whole layer of the lattice. Then there is an appreciable change in the average 
lattice parameter. This conclusion follows—that where a lattice is stiff and 
rigid ; in other words, when the metal itself is hard (and incidentally that goes 
with a high melting-point) then there will be general distortion mainly, and 
not much local distortion ; but in a soft metal of low melting-point, there will 
be mainly local distortion, and not much general distortion. What follows ? 
If the distortion is localised, the maximum possible distortion between any two 
atoms—the maximum change of distance which is possible before the atoms 
part company—will soon be exceeded locally, and the lattice will tend to 
break down locally ; so that the number of stranger atoms which can be 
introduced will be small. On the other hand, if the distortion is general, the 
actual change of lattice dimensions will be correspondingly slight, because it is 
spread out over the whole mass of atoms, and the consequence will be that a 
much larger number of stranger atoms can be tolerated. From that follows 
the conclusion that it is the hard metals having high melting-points which 
will, on the whole, tend to form solid solutions of high concentration, and act 
as solvents capable of taking up a large number of stranger atoms, whereas 
the soft metals with low melting-point will not be able to do so. Experience 
verifies that conchrsion. Soft metals, such as lead and tin, form scarcely any 
solid solutions. A slightly harder metal, aluminium, forms limited ranges of 
solid solutions. Copper forms rather more extensive ranges. Iron forms them 
freely. Nickel, cobalt, manganese form them freely, and tungsten and 
molybdenum form them most freely of all. That is a striking manifestation 
of an inference from the general principles we have laid down. 

The limit of solid solubility is of considerable interest from another point of 
view. In order to understand it, the question of what happens when a soft 
metal crystal undergoes plastic deformation must be considered. Without 
going into the whole of that subject, it may be accepted that at any rate a 
fundamental phenomenon of what occurs is a sliding of layers of the lattice 
over each other. If one looks at a model of a lattice one sees in various 
directions layers or planes, and when a crystal built up in that way undergoes 
plastic deformation, sliding occurs generally on certain of these planes— 
generally on those where the atoms are most closely packed. In a perfectly 
regular lattice these are true planes; they are extremely regular, and conse¬ 
quently the resistance to sliding is comparatively slight. If a stranger atom 
is intr^uced which causes local distortion the consequence is that*these surfaces 
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are no longer plane. In a model (which was shown at the lecture) which 
represents one quarter of a cube with a stranger atom indicated by a white 
sphere at what would be the centre of the cube, the kind of lattice distortion 
that results can be readily seen. The slip planes in the crystal are no longer 
plane surfaces, but are more or less distorted. The result is obvious—that 
there cannot be the same ease of sliding on these distorted planes, as there is 
when these planes are true and uninterrupted. The result is that the intro¬ 
duction of stranger atoms produces a stiffening and hardening of the metal. 
We know that solid solutions are always harder and generally, less ductile than 
the pure metal; there is a further and very interesting consequence. An 
atom will produce hardening in some sort of relation to the amount of distortion 
which it produces in the lattice. The more it distorts, the more it will harden 
that lattice—the more it will increase the resistance to sliding. We cadnot 
assume any direct quantitative proportionality because we do not know enough 
about the amount of local distortion, or the influence of a given amount of local 
distortion on the force required to produce slip; but that there is such an 
influence, I think we must accept. The extent to which a stranger atom 
produces distortion locally also determines the number of stranger atoms which 
that lattice can accept without breaking down, and it follows, therefore, that 
the hardening effect of an atom and its solubility in the lattice should be 
roughly inversely proportional to each other, because the more it hardens the 
more it distorts, and the more it distorts the fewer will the lattice take up. 
That is an inference which is verifiable from our knowledge of a number of 
alloy systems, and it can be said at once that in every case which has yet been 
considered the rule is followed accurately. Tn the alloys of copper we have 
nickel, which is soluble in solid copper in any proportions. The hardening 
effect of nickel on copper is comparatively slight. Zinc, which can only be 
built on to the copj)er lattice to the extent of about 30 per cent, by weight has 
ar more rapid hardening effect; 10 per cent, of zinc produces a greater hardening 
than 10 per cent, of nickel. If we take aluminium, which can only be built 
on to the copper lattice to the extent of 7 or 8 per cent, by weight, its hardening 
effect is much greater than that of zinc ; and tin has a still lower solid solubility 
and greater hardening effect. . In the alloys of aluminium the same rule is 
followed. Zinc is capable of being held in solid solution by aluminium to about 
30 per cent., and produces comparatively slight hardening, while copper, 
which is only held to about 4 per cent., produces much more rapid hardening. 
Iron, which is still less soluble in solid aluminium, produces still more rapid 
hardening, and so on through many alloy systems the hardening effect is 
roughly inversely proportional to the solid solubility—^not lineally proportional, 
but they go together in that inverse relationship. That is an important verifi¬ 
cation of these inferences or ideas. It was the first inference which was drawn, 
and it meets with striking verification from our knowledge of alloys. 

We may now deal with some of the other properties of solid solutions: A 
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pure metal melts at a single temperature. The melting process can be 
explained in this way:—as the temperature rises the lattice expands. We 
know it does so, not only because the metal itselt expands as a whole, but 
because X-ray measurements show that the lattice parameter increases pro¬ 
portionally to the expansion of the metal. If the idea, that there is a limiting 
interatomic distance beyond which the atoms can no longer hold together, 
is correct, we should anticipate that when the lattice is expanded thermally 
or otherwise to a certain extent, the atoms would part. If the lattice is 
perfectly regular, and the interatomic distances are all statistically uniform, 
they will all part at the same temperature, and the whole of the crystal will 
melt at a single temperature. If, on the other hand, the lattice is locally 
distorted, there are some places where the atoms are further apart, and other 
places where they are closer together, and when a lattice of that kind is heated 
the limiting distance will be reached sooner at the places where the interatomic 
distances are large, and later at the places where those distances are small. The 
result is that melting will commence at a lower temperature and will be 
completed at a somewhat higher temperature. There will be a melting range 
instead of a melting-point. 

It follows that the lowering of the melting range follows upon an expansion 
of the lattice, and from those ideas it was possible to predict that where a stranger 
atom causes a contraction and not an expansion of the lattice, it will cause a 
rise and not a fall of the melting-point. It was, therefore, possible to predict 
that in such solid solution systems as copper-nickel, silver-palladium, the 
addition of the higher melting metal would bring about a contraction and not 
an expansion of the lattice. X-ray measurement has completely verified 
that anticipation. 

It is possible to go further, and to explain at once the composition of the 
liquid which is produced by the melting of a solid solution alloy. When the 
alloy commences to melt it will necessarily do so in the case of an expanded 
lattice in the vicinity of the stranger atoms, because that is where the lattice 
parameter is largest to begin with. The result will be that the liquid which 
is first formed will contain more of the stranger atoms than the aUoy as a whole. 
An equilibrium is then established between a liquid containing rather more 
of the solute with a solid containing rather less. We know from our knowledge 
of the equilibria of alloys that this is precisely what occurs. On the other 
hand, if the stranger atom causes a contraction of the lattice it is the lattice in 
the immediate vicinity of the stranger atom which will melt last, and the liquid 
which is first formed when such an alloy melts will contain less of the dissolved 
metal than the solid. There, again, the explanation exactly fits the facts as we 
know them. Unfortunately, we caniiot yet calculate definitely from oiif' 
knowledge of the lattice distortion what will the range of melting temperature. 
in a given case, but it may be hoped that in the future we may. be able to do 
that; But on broad lines the facts fit these theoretical ideas very closely. 
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There is an interesting aspect of this matter which relates to the formation 
of solutions in general. If a liquid and a solid are in equilibrium, as, for instance, 
in an alloy of the solid solution type, which is partially liquid and partially solid, 
there is an equilibrium in a liquid in which the dissolved substance is 
slightly more concentrated than in the solid with which it is in equilibrium. 
Suppose that to the liquid is added a little more of the dissolved substance, 
what occurs ? We must suppose that the surface layers of a crystal lattice 
which are exposed to contact with the liquid will be kinetically exchanging 
atoms here and there with the liquid. If the concentration of the solute in 
the liquid is a little too high, the result will be that rather more of the solute 
atoms will be exchanged with solvent atoms in the solid than in the 
equilibrium proportion of the solid itself. When that occurs the distortion of 
the outer layers of the lattice will be increased. That outer layer will^hen 
become unstable, and will promptly melt, because the interatomic distance is 
too high for the temperature, and the consequence is that the equilibrium 
between the liquid and the solid will be restored by the melting of more of the 
solid, until the concentration ratios are correct again. Please notice that 
there is nothing about metals—nothing about any particular substances—in 
these considerations, so that the argument should be applicable to any crystal 
lattice in equilibrium with any liquid, and consequently has a considerable 
bearing upon the general question of solubility. It would seem on these 
lines that solubility is dependent upon the power of something—an atom, a 
molecule, or an ion—from the liquid to enter the lattice of the solid and distort 
it, thus causing the breakdown of the surface layers, and their passage into the 
liquid phase. That is a perfectly general conclusion which is applicable to all 
liquids, and not only to metals. 

We turn, now, to another aspect of the matter. The manner in which 
crystals undergo plastic deformation by a process of slip has already been 
mentioned. In a large model of a face-centred cubic lattice a large number 
of planes are apparent upon any of which slip is theoretically possible. Experi¬ 
ment shows that as a rule it occurs most easily in this kind of lattice on the 
octahedral planes. 

What occurs when slip takes place ? It is quite clear that the atomic bond¬ 
ing, whatever it may be (we do not know much about it) must change over 
from atom to atom as they pass over each other, because the process occurs 
without rupture of the metal. Since the slip is large enough to be visible 
under the microscope, it must occur over literally tens of thousands of the 
atomic spaces. It seems scarcely conceivable that such movement can occur 
without causing further disturbance. What occurs is probably that on the 
surfaces of slip some of the atoms, at afty rate, are dislodged from their proper 
position on the lattice. It may be pictured in this way: a stress 
is applied to the lattice, and it is, therefore, mechanically distorted by stretching 
it in certain directions, and when it ife* stretched beyond the point of possible 
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permissible distortion, the lattice must break down, just as it breaks down when 
it is stretched thermally, and it melts or forms a different lattice when it is 
stretched by introducing too many stranger atoms. If, therefore, it is distorted 
beyond its limit, it must break down under stress also, and it does so mainly 
locally on these surfaces of slip, and what is formed may, I think, theoretically 
be regarded as very similar to a liquid layer, that is to say, a layer in which the 
atomic bonding is no longer regular and uniform, as it is in the lattice. That 
layer may be thick or thin, but that there must be some such disturbance is a 
conclusion which it is difficult to avoid. 

If that occurs, then after the motion has ceased there is a layer on every plane 
where slip has occurred which is irregular, and more or less disorganised—^what 
I have sometimes called, and I think rightly, “ amorphous ” in the sense that 
it no longer possesses the regular geometrical marshalling of the crystalline 
lattice. How much that crystalline marshalling has been disturbed, no one 
knows at present, but that it must have been destroyed to some extent is 
highly probable. 

But something further occurs, and this is an idea, which may be novel, 
which originated with two of my colleagues. Dr. Hanson and Mr. Gough, 
in connexion with some work on fatigue. It is that in addition to the possibly 
thin layer in which the atoms themselves are disarranged there must be a wave 
of distortion passing through many layers of atoms in the lattice on either 
side of such a plane of disruption. If the mere fact of replacing one atom by 
a stranger atom, whose field of force is slightly different, is to produce a large 
amount of distortion, then the disarranging of a layer of atoms must leave the 
others under conditions of mutual attraction and repulsion appreciably different 
from what it is inside the regularly-arranged lattice away from any such source 
of disturbance. Consequently we should expect to find a distortion of the 
lattice ranging from perhaps the limiting possible amount to zero at some 
distance away on either side of a plane of slip. It is that, I think, as much as 
the actual disturbed layer itself, which accounts for the hardening effect of 
cold work or plastic deformation in metals. It is not merely that metal layers 
have been formed in which further slip is impossible or difficult, but the lattice on 
either side of those layers has been distorted, and this distortion, which Hanson 
and Gough have called " rumpling ” of the lattice, is the main cause of the 
hardening and is. also the cause of the remarkable features of the X-ray 
spectra, which are given by cold-worked metals. Lattice rumpling must be 
limited in extent by the law of the limiting parameter, but it is quite sufficient 
to produce a very marked change in the physical properties of the material. 
That change, which we kqow as the result of cold working, is hardening, 
because the distorted planes offer increased resistance to slip. If the slip 
mechanism has been hampered or destroyed the metal is able to stand up to 
much larger forces without giving way, the reason being that iu the absence of 
the possibility of slip the atoms have to be tom asunder and not merely made 
to slide over each other. 
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There is another method of hardening metals. A solid solution containing 
stranger atoms, may, possibly be only slightly harder than the pure metal, if 
those atoms do not cause a large amount of distortion; but under some 
circumstances we find that the amount of distortion which a stranger atom 
causes va,ries with the temperature. One can understand this by supposing 
—what is almost certainly incorrect, but is sufficient to illustrate the idea— 
that some of the atoms expand more rapidly than others, and that, therefore, at 
one temperature they will pack together better than at another. The real 
state of affairs must be more complicated than that. The way in which the 
external field of force of the atom varies with the temperature will be different 
in different atoms, with the consequence that the relative distortion which they 
produce in a given lattice will also vary. The result is that in some cases at a 
high temperature more stranger atoms can be built into a lattice thaM can 
be done at the ordinary temperature. If a lattice which is packed to its limit 
at the high temperature is cooled very rapidly, there is no time for re-arrange¬ 
ment, and the solid solution may be preserved intact—in a metastable condition. 
The resistance to atomic re-arrangement at the ordinary temperature is too 
high, and nothing occurs; but if the temperature is raised the superfluous 
stranger atoms are ejected from the parent lattice, and begin to join together 
to form a lattice of their own ; but in doing so they are bound to disarrange 
and very seriously rumple the parent lattice, and if there are enough of them, 
and they are left in an intermediate stage where they have not yet aggregated 
into large individual groups, and thereby freed the rest of the lattice from 
their presence, but are concentrated throughout it in small groups, the parent 
lattice will be distorted throughout to the maximum possible extent, and 
the result is a metal which is liardened by what we call quenching or tempering, 
as the case may be. That, I think, is the real explanation of what occurs in 
the hardening of steel, and it occurs also in the hardening of the aluminium 
alloys containing magnesium, and in certain other substances. It is simply 
that a condition is produced in which the dissolved atoms, in endeavouring to 
rearrange themselves, have been trapped, as it were, in a position in which they 
cause the maximum amount of lattice distortion. Give them a little more heat 
and time, and allow them to. rearrange themselves a little more comfortably, 
and much of that lattice distortion disappears, and this is accompanied by 
softening and increasing ductility, imtil finally, when the ejected stranger atoms 
become separated into microscopically visible separate crystals, the substance 
is practically quite soft again. That is the sequence of events in the tempering 
of steel and of the aluminium alloys also. 

There is another phenomenon in metals which is of considerable interest. 
The crystals of a solid solution when cooled at a fairly rapid rate exhibit a kind 
of duplex or “ cored " structure. That is due to the fact that the order of 
crystallisation brings with it a difference of concentration between the outer and 
inner layers of these crystals. Just as, in melting, it is the most expanded 
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parts of the lattice which melt first, so, on freezing, it is the parts of the metal 
freest from solute atoms which crystallise first, and those in which the solute 
atoms are most plentiful crystallise last. The result is coring—an inner core 
of the crystal which is poor in dissolved atoms, and an outer region which is 
rich in them ; but if these crystals are annealed for any length of time, that 
difference of concentration equalises itself within the crystal, and this 
equalisation can take place without any change of the crystal as a whole. The 
boundaries of the crystals remain much as they were before, but the difference 
of chemical composition within them is eliminated by diffusion. 

With atoms arranged on a crystal lattice, how is diffusion possible ? In a 
liquid we can understand diffusion, because the atoms or molecules are free to 
move about and change places with each other, but it is almost inconceivable 
that atoms on a lattice, although they are free to oscillate thermally, should 
change places. It would mean so large a disruption of the structure that 
one can hardly imagine that it can occur. There is, however, a mechanism 
by which diffusion can occur without much lattice disturbance. The 
application of mechanical stress readily produces sliding, not of a few atoms but 
of millions of them in layers over each other, and in the softer metals the force 
required to bring that about is very small indeed. When a stranger atom is 
present on the lattice, causing distortion, it produces a local stress. The 
lattice is strained, and there is a tendency, if there are two of these atoms too 
close together, for them to separate, in order to relieve the excessive strain which 
they have set up locally ; and the suggestion I put forward is that under that 
stress rows of these atoms—^not whole planes, but rows—are able to slide when 
the temperature is raised and movement is facilitated thereby. The sliding 
will occur in such a way that rows in different directions will slide simultaneously. 
It will happen in this way. When a particular row of atoms, owing to thermal 
oscillations, happens to be in its furthest position, the extra push due to lattice 
distortion is just enough to swing them over to the next step or equilibrium 
position. Meanwhile an atom somewhere along that row has swung over 
into a favourable position, and the extra push swings that whole row—perhaps 
at right angles to the first—into a new position, and so on, from row to row, 
until finally the circulation is completed, and the original position of the 
stranger atom is now filled by one of the parent atoms. The stranger atom is 
moved on one step. In that way there will always be a tendency for any 
two stranger atpms to separate until ultimately all the stranger atoms will be 
uniformly spaced. The diagram shown ih Fig. 27 gives a rough idea of the 
sort of circulation that is suggested, except that in the crystal it would occur 
in three dimensions. 

The idea of such a complicated system of atomic sliding and circulation 
may, at first s^ht, appear fanciful, but there is strong evidence to support it. 
Recently Hevesey tried to determine what he called the rate of auto-diffusion 
of lead—the rate at which lead atoms could be moved about bn their own 
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crystal lattice. He supposed that diffusion occurs on a crystal lattice in the 
same way as it does in liquids, by the spontaneous wandering about of the 
atoms; and he made that measurement, or tried to, by using a radioactive 
isotope of lead, and measuring its diffusion into ordinary lead. He was 
astonished to discover that there was no diffsuion—that radioactive lead did 
not diffuse into lead, although gold could be made to diffuse into lead at the 
ordinary temperature at a measurable rate. The explanation is obvious. 
Isotopic lead atoms are so much like the ordinary lead atoms that they cause 
no distortion of the lattice. Consequently there is no stress tending to cause 
movement, and however much the lead may be heated, short of melting it, no 
diffusion will take place. 

The theory further indicates that diffusion only occurs in plastic metals. In 
the case of brittle metals like antimony and bismuth, it is extremely difficult, 
if not impossible, to obtain diffusion, whereas gold and lead diffuse readily. 
In the case of crystalline inorganic compounds, which are usually quite brittle, 
Tammann has shown that diffusion is negligibly small until they are heated to 
within a few degrees of the melting-point, where one may suppose that parts 
of the lattice are in a state approaching breakdown so that ordinary diffusion 
can occur. 

These striking facts show that although the mechanism appears a little 
artificial at first sight, it explains that close connection between plasticity and 
diffusion which would othersise be inexplicable, and it also explains the non¬ 
diffusion of one isotope into another. 

I want next to consider the question of what happens where two crystals 
meet and grow together. If we imagine two lattices approaching each other 
at a random angle, then they cannot grow together in the ordinary way, except 
that one atom here and there might l^e common to both. Even if that were 
the case, the remaining atoms in the interface which were not common to both 
’ would be further apart from each other than the limiting parameter, and they 
would be free on one side from all direct atomic forces or attachments. The 
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result would be a large distortion of the lattice in each of these crystal 
boundaries. Actually we note that the cohesion between adjacent crystals 
is at least as strong, if not stronger, than the cohesion across any of the lattice 
planes. Consequently, we cannot imagine that there can be fewer atom to 
atom connections across the crystal boundary than across these planes. If 
there'were, the inter-crystal junctions would be weak and not strong. What 
is the alternative ? There are two possible ways in which the lattices might 
be united. The one is that they approach each other only within a certain 
distance, and that between the two there is a kind of transition stage from 
one orientation to the other. Consider what that means. It means that the 
lattice in each of the cells of that transition stage would have to be distorted on 
one side to its maximum extension, and on the other side to its greatest com¬ 
pression. In that case there is a definite maximum radius of curvature which 
the lattice can assume, and the result would be that the region of transition 
between two crystals would be comparable in size to the crystals themselves. 
Microscopic evidence clearly shows that nothing of the sort occurs. There 
is no such large transition region. The boundaries between the crystals, if 
not ab.solutely sharp, are not by any means wide, and consequently the 
transition theory is out of court if we accept the view of the limiting lattice 
parameter. The remaining alternative is that between those two lattices 
there must be an arrangement of atoms in which the maximum lattice parameter 
is never exceeded, but in which there is no regular crystalline marshalling. The 
atoms are attached to each other wherever the}' happen to fit, but not with the 
complete number of bondings which they normally assume in the lattice. It is 
true that if it were a question of mere pulling apart, such an arrangement 
might be weaker than the crystal, but the crystal never fails by pulling apart. 
It fails by sliding. The boundary can only fail by pulling apart, and when we 
consider the actual strength of interatomic bonding, which can be calculated 
from the work done in vaporisation and other physical means, we arrive at a 
strength of atomic bonding as against direct pull, which is thousands of times 
larger than the actual strength of metals. So that if in a heterogeneous 
assembly of atoms—in an amorphous assembly, in fact—the number of bonds 
which are really attached is only one-quarter or one-fifth of the total, provided 
that slip is inhibited, the strength would still be much greater than that of the 
crystal. 

We cannot pursue that matter very much further, but it is perhaps worth 
while to point out that although these ideas of lattice distortion have thrown 
much new light on many of the phenomena of metals, so far as the conditions 
at the crystal boundaries are concerned, they appear to me to confirm very 
strongly the ideas which were put forwaijd many years ago-, and'which have 
been supported by much experimental evidence. Enough has now been said 
to show how far these ideas of lattice distortion, and the limiting lattice para¬ 
meter consequent upon the substitutio^ structure of solid solutions, go to 
explain the properties of those constituents of alloys. 
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One further point, however, also relating to the boundaries of crystals, 
should be mentioned here. The boundaries which have been discussed are 
those which exist between adjacent crystals which abut directly against one 
another after solidification. There is another type of boundary which exists 
where a solid crystal is formed in a liquid matrix which, later, solidifies as a 
eutectic. Where, as in a pure metal or simple solid solution, crystals continue 
to grow until they meet one another, the boundary will take a more or less 
accidental, roughly polygonal form, without reference to the crystal form or 
habit of the metal, but when crystals pf metal are deposited from an alloy, 
particularly of a eutectiferous system, one might anticipate that they would 
assume regular geometrical outlines, being subsequently embedded in the 
solidified matrix. We find that in some cases they do so, and in others they 
do not. The reason is fairly obvious from the kind of consideration whiAi has 
been discussed. Where there is a boundary between liquid and solid it is 
quite obvious that the atoms forming the outer layers of the solid are not in the 
same condition as those well inside the lattice. If one can imagine a definite 
line of demarcation between the lattice and liquid, the outer layers of the lattice 
would be in a condition in which the atomic forces acting upon them on one side 
are completely irregular, while on the other side they are more or less regular, 
but certainly different both in direction and intensity from those ruling within 
the lattice. The result must be a distortion of the outer layers of the lattice 
in contact with the liquid, and that distortion will be much more marked at a 
comer where the atoms are deprived of their normal surroundings, as it were, 
on two or three sides, than where they are out of their normal Surroundings 
on one side only. If the lattice is a hard, rigid lattice, not easily distorted—in 
other words, if the metal is one of high melting-point—it may be expected that 
the distortion does not go very far, and that the natural angles of the crystal 
tend to be preserved. On the other hand, with a soft and ductile material 
the distortion may be so great that the comers of the lattice would melt off, 
and the outlines of the crystal would become rounded. That is a detailed way 
of explaining what is usually ascribed to “ surface tension between the 
solid and liquid. The effect really depends on the rigidity of the lattice, which 
is often strongly marked in inter-metallic compounds forming angular crystals. 

NOTES ON BOOKS. 

Radio-Equipment. By Geo. W. Pepys-Goodchild and Hugh Owen'. London: 

Goodchild and Partners, is. 

This booklet is intended as an introduction for ihe novice and a guide for the 
amateur. Listening in is probably the most popular recreation of to-day, and 
an enormous mass of people are interested in broadcasting. To these Mr! Pepys- 
Goodchild's book should prove very ijpeibl- He gives a full list of all the essential 
equipment of a receiving station, and advises in a sound and practical way as to 
the best kinds of apparatus to buy. Further, the prices are given, so that an 
intending purcha^r may know what his expenses are likely to be. 

Thia booklet appears to serve admiirsmly'the purpose for which it is intended, and 
|S a most practical handbook for the anieteur listener in.’' 
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NOTICES. 

OPENING OF THE 172nd SESSION. 

The Opening Meeting of the 172nd Session will be held on Wednesday, 
November 4th, when the Inaugural Address will be delivered by Sir Thomas H. 
Holland, K.C.S.I., K.C.I.E., D.Sc., LL.D., F.R.S., Chairman of the Council. 

The subject will be '' The Organisation of Scientific Research throughout 
the Empire." The chair will be taken at 8.30 p.m. 


COUNCIL. 

A meeting of the Council was held on Monday, October 12th. Present:— 
SirThomasH. Holland, K.C.S.I., K.C.I.E., D.Sc., LL.D., F.R.S., in the Chair; 
Sir Charles H. Armstrong; Lord Askwith, K.C.B., K.C., D.C.L.; Llewelyn B. 
Atkinson, M.I.E.E.; Sir Charles Stuart Bayley, G.C.I.E., K.C.S.I.; Captain 
Sir Acton Blake, K.C.M.G., K.C.V.O.; Sir William Henry Davison, K.B.E., 
D.L., M.P.; Sir Edward Davson; Sir Archibald Denny, Bt., LL.D.; Sir 
Robert Abbott Hadfield, Bt., D.Sc., F.R.S.; Rear-Admiral James de Courcy 
Hamilton, M.V.O.; Major Sir Humphrey Leggett, D.S.O., R.E,; Sir Philip 
Magnus, Bt.; Sir George Sutton, Bt.; Mr. Alan A. Campbell Swinton, F.R.S.; 
Mr. Carmichael Thomas ; Professor J. M. Thomson, F.R.S.; Dr. J. Augustus 
Voelcker, M.A., Ph.D.; Sir Frank Warner, K.B.E.; and Sir Alfred 
Yarrow, Bt., F.R.S., M.Inst.C.E., with Mr. G. K. Menzies, M.A. (Secretary 
of the Society). 

The following resolution was passed:— 

The Council record with deepest regret, the death of Mr. S. Digby, C.I.E., 
who served the Society faithfully for thirty-five years as Secretary of the 
Indian Section, and for twenty-seven years as Secretary of the Dominions 
and Colonies Section. He earned the affectionate respect of all with whom he 
worked, and by his zeal and devotion added materially to the successful 
growth of the Society and to the maintenance of its standard of work. 
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The Council desire to convey to Mr. Digby’s relatives their sincerest 
sympathy. 

Arrangements were made for the appointment of an Assistant-Secretary 
of the Society. 

Arrangements for holding the Third Annual Competition of Industrial 
Designs in 1926 were considered. 

The programme of meetings for the forthcoming session, so far as it is as 
present completed, was approved. 

The Clothworkers* Company again promised £40 towards providing medals 
at the Society's Examinations. 

Other financial and formal business was transacted. 


PROCEEDINGS OF THE SOCIETY. 

CANTOR LECTURES. 

THE INNER STRUCTURE OF ALLOYS, 

By Walter Rosenhain, D.Sc., F.R.S., 

Superintendent of the Department of Metallurgy and Metallurgical Chemistry 
at the National Physical Laboratory. 

Lecture III .—Delivered March 2, 1925. 

We have now to consider the question of the conduction of electricity 
through metals. The theory of electrical conduction in metals is a subject 
about which physicists still considerably disagree, but they agree, at 
any rate upon this point, that electrical conduction consists in the passage of 
electrons through the metal. These electrons are the minute particles of 
negative electricity which can exist in the free state. We see streams of them 
in the cathode ray discharge of a vacuum tube, and in other manifestations. 
They exist as a kind of satellite to the positive nucleus in the atom, and it is 
believed, although it has never been proved, that in addition to these electrons 
which are attached to the atoms in a metal, there are also a number of free 
electrons. The effect of applying an electric field is to generate in a metal— 
in a conductor—a flow of electrons. The rate at which the electrons move 
need not be the rate at which the electric current passes through the conductor. 
If we apply an electromotive force to a conductor, however long, the effect at 
the far end makes itself felt after a time which is measurable in terms of the 
velocity of light. We know that the electrons cannot possibly move through 
the metal at that rate. It is a question of electrons being pushed in at one end, 
and a corresponding number being pushed out at the other end, the electrical 
stress being transmitted with the velocity of light. What the exact mechanism 
• is by which that transmission occurs, and how those electrons behave, exactly, 
we do not yet know. There are certain difficulties about nearly every theory 
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which can be advanced. One of the earliest theories, and the most prevalent, 
is that the metal behaves, so far as the free electrons are concerned, as if it 
were an empty space, and that the electrons move about in it as the molecules 
of a gas move about inside a closed vessel, and that if additional electrons are 
pushed in at one end the increased pressure results in a corresponding number 
being expelled at the other. That seems quite plausible until one looks into 
the figures, and then it is found that the number of electrons required to carry 
the current is so great that the other properties of the metal would not fit in 
with it. The specific heat of the metal would have to be far higher than it 
really is in order to allow of an adequate number of free electrons. Lindemann 
has put forward a modification of that view in supposing that between the 
atoms of the metal in the lattice of the crystal is an independent lattice of 
electrons, and that when additional electrons are put in at one end by the 
application of electromotive force, the lattice bodily moves and a corre.sponding 
number are expelled at the other end, so that each electron has moved only 
one interatomic distance. Unfortimately, it can be shown mathematically 
that an electron lattice between the atoms would be unstable and could not 
exist. There are other objections also. However that may be, the fact remains 
that electrons must in some way or other travel through, or rather communicate 
their motion through, the crystals of the metal, and it at once suggests the idea 
that where the crystal of the metal consists of atoms perfectly regularly 
arranged on a lattice, the parage of those electrons through that lattice, either 
through the atoms or between them as the case may be (we do not know which 
it is), will be very little, if at all, impeded by the atoms ; but where the atoms 
are not in line, where they arc out of line, cither through thermal oscillation 
or through the distortion of the lattice by the presence of atoms of another kind, 
there the motion will be impeded, and part of the energy of that motion will 
be dissipated as heat. This can be illustrated by a very simple mechanical 
analogy. Consider a number of elastic spheres resting upon a perfectly smooth, 
frictionless plate, perfectly aligned one with the other ; if an additional sphere 
is pushed against the end of the row with a certain amount of impact, one of 
the spheres at the far end will, after the slight lapse of time required for the 
passage of the elastic wave, be expelled from the row. The sphere at the other 
end will emerge with precisely the energy which has been put in at the beginning, 
assuming that the spheres are perfectly elastic, and that there is no friction. 
A number of billiard balls on a smooth billiard-table are a fairly good approach 
to that state of affairs. 

If, however, instead of a perfectly straight row of equal spheres, we have in 
that row of spheres, let us say, one larger one, the conditions are altered. The 
first case is pne illustrated diagrammatically in the upper diagram of Fig. 28, 
which corresponds to perfectly frictionless and non-dissipating transmission. 
In the second row a larger sphere is interposed. If an impulse is sent through 
that row of balls in the total absence of friction, the middle sphere will receive 
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Fig. 28. 

its blow not strictly in line with the others ; there will be a lateral component of 
the blow sent which reached that particular sphere, and part of the energy of 
the blow, instead of being transmitted along the row of balls, will go toyrards 
moving that sphere laterally—or tending to do so. A certain amount of 
energy will be dissipated at that point. It is not necessary to have a larger 
sphere. If the balls are not perfectly in line, precisely the same thing will 
occur, because the transmission is no longer perfectly diametrical through each 
sphere. There is a lateral component. Although that is only a rough mechani¬ 
cal analogy, it applies to this extent—that where electrons move through or 
between the rows of atoms, if those rows of atoms are perfectly rectilinear 
the energy of the electron will not be affected, because the impulse from atom 
to atom is in the direct line of transmission ; but where the atoms are displaced 
from their rectilinear position, there the atoms themselves will be set in motion 
at right angles, more or less, to the path of the electron current, and that motion 
is actually thermal oscillation, and part of the electrical energy will be degraded 
into heat energy, as in the passage of electricity through ordinary conductors. 
That idea was put forward by Lindemann a good many years ago, although at 
that time we did not know, as we now know, exactly how the atoms are arranged 
in the crystal. If we had the atoms of a perfectly pure metal in a perfectly 
arranged crystal, and freed them entirely from thermal oscillation, we should 
anticipate that there would be no resistance to the passage of electrons. In 
certain metals that is the case, as Kammerlingh Onnes has shown. In some 
metals, notably lead, when a temperature not more than five or six degrees 
above absolute zero is reached, the resistance to the electrical current becomes 
zero, and the current, once started in a ring of very pure lead at that tempera¬ 
ture will continue substantially undiminished for days or even weeks. That 
is the well-known phenomenon of super-conductivity. But if the theory 
which I have suggested were the whole story, we should anticipate that this 
would occur in all pure metals. We should not anticipate that it would ever 
occur in an alloy, and that, at any rate, is true. But super-conductivity does 
not occur in all metals. There are only certain groups of metals occupying^ 
definite positions in the periodic table of the elements which appear to be capable 
of assuming the super-conducting state, and it follows that there must be some 
resistance to the jpassage of the electrons through or between the atoms depend- 
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ing upon the nature of the atoms or—perhaps it is better put in this way—^upon 
the nature of the interatomic linkage. Where that linkage is of a certain 
kind, probably depending upon the number of electrons in the outer shell 
of the particular atom concerned, there the passage is free, and super-conduc- 
tiyity is possible. With other electron arrangements the passage is not free. 
A certain dissipation of energy occurs even when thermal oscillation is 
entirely absent. 

Thermal oscillation, it should be noticed, need not be entirely absent to allow 
of super-conductivity. It is only necessary that it shall fall below a certain 
low limit, because if at any one instant there is a single row of atoms in a crystal 
fully in line, and if such a line offers no resistance to electrical conduction, 
that single row of atoms is capable of carrying the whole of the current. The 
material will behave as a super-conductor in spite of the fact that the other 
rows of atoms arc slightly displaced. That is why super-conductivity sets in 
at a temperature appreciably above absolute zero. Whether it would occur 
in all metals at absolute zero we do not know. At any rate, this conception 
of the distortion of the atomic lattice by thermal oscillation accounts for the 
behaviour of metals in this respect—that their conductivity at very low 
temperatures is exceedingly low—in some cases nil—and that their conductivity 
diminishes rapidly with rising temperature, because the rows of atoms are 
increasingly distorted by thermal oscillation. 

In alloys there is a different state of affairs. There the rows of atoms can 
never be perfectly rectilinear, even at the absolute zero, and therefore electrical 
conductivity can never be infinite. On the other hand, the disturbing effect 
upon the lattice of a given amplitude of thermal oscillation will be relatively 
smaller than when the atoms are otherwise regularly arranged. If a row of 
atoms is already distorted slightly, and the atoms are then made to oscillate 
through a certain amplitude, the total want of alignment of those atoms with 
a given amount of thermal oscillation, although it will be slightly greater than 
in the absence of such oscillation, will not be so much greater than in the case 
of an undistorted row, where the disturbance would be nil if there were no 
thermal oscillation. That means that in a solid solution the effect of tempera¬ 
ture in increasing the electrical resistance will be smaller than it is in a pure 
metal. That, of course, is a very well known phenomenon. It is actually 
possible to obtain alloys in which the change of electrical resistance with 
temperature is nil, and in a few cases it is slightly negative. In these cases 
there are countervailing effects, where the degree of distortion due to the 
stranger atoms diminishes with rising temperature more than the disturbance 
due to thermal oscillation increases the irregularity, so that the total irregularity 
may actually diminish on a rising temperature to a slight extent. In some 
cases the two effects wiU balance exactly, and the result is an alloy like man- 
ganin or ohmal, in which the temperature co-efficient is exceedingly small. 

There is one other interesting fact which might perhaps be m*entioned here. 
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although it has no bearing upon electrical conductivity, and that is, it is not 
only the electrical impulse passing through a row of atoms which will give rise 
to heat and dissipation of energy if the row of atoms is not perfectly straight. 
If a load is applied to a piece of metal the stress due to that load is transmitted 
through the metal as an elastic wave. There is no other way in which it 
can be transmitted. That elastic wave means a transmission of energy from 
atom to atom. When the atoms are perfectly in line, we would expect that 
the transmission of energy would be free from dissipation ; in other words, 
the stress would travel down that piece of metal without generating any heat— 
without any loss of energy or work. But where rows of atoms are not perfectly 
regular, there must be a certain amount of lateral vibration set up in the 
atoms by any wave passing through them. The result is the well-known effect 
of elastic hysteresis—that when a load is alternately applied and rerpoved 
and applied a certain amount of energy is dissipated in spite of the fact that 
no permanent change of dimensions of the piece of metal is produced. Appar¬ 
ently no permanent mechanical work is being done on the metal, yet a small 
amount of energy is being dissipated, and I think the explanation lies in the 
fact that during the course of transmission, owing to the fact that the atoms 
arc not perfectly in line, a certain amount of lateral vibration is set up 
among the atoms. 

I want now to pass to another type of consideration. We have so far thought 
of a distorted lattice as if the distortion was purely a question of the geometrical 
displacement of some of the lattice points, and consequently of the atoms which 
arc situated upon those points, thinking of the atom as an indivisible and rigid 
whole. But we know that the atom is not a perfectly rigid and indivisible 
whole, but that it is a complex system of electrons revolving about a nucleus 
or proton, and that it is very far from being rigid. It can be distorted. It 
can actually be compressed mechanically. 

We do not know at all what is the bond or linkage between atom and atom 
in a crystal lattice, or in any other form of aggregate. We scarcely know even 
in the case of chemical compounds. But there must be some transmission of 
force, some linkage between the atoms, by which the cohesive forces act. 
If an atom is pushed forcibly out of its normal position, it is quite evident 
that wherever those linkages are applied, wherever in that complex system 
(which the atom really is) those forces act, they Will not only displace the atom 
as a rigid whole, but they must distort the atom itself to a certain extent. By 
distortion of the atom, I think it is best to picture a slight displacement of the 
orbits of some of the electrons. We must picture the electrons moving normally 
in regular orbits of some kind, and the effect of pushing an atom out of its 
position must be to displace, to some extent, the electron orbits in the atom— 
perhaps only the outer electron orbits. Possibly the effect may be more deep- 
seated even than that. If that is the case, the effect on the atom must be 
very niarked in certain respects. Take, for instance, the question of the optical 



Oct. 93, 1995, 


JOURNAL OF THE ROYAL SOCIETY OF ARTS. 1044 


behaviour of an atom. The modern theory of radiation shows that radiation 
depends upon changes in the electron orbits. The electrons appear to be 
capable of jumping from one orbit to another, and in doing so give out radiant 
energy, the amount being a definite quantity or “ quantum.'' A given atom 
is capable of radiating light of a certain Wave length. If it is excited suitably 
—the most usual way of exciting it is by heat, but it can also lx* done electri¬ 
cally and in other ways—it is quite conceivable that it might be excited to 
radiate at the ordinary temperature. If, instead of that, light waves fall upon 
it, it is capable of absorbing light of the same wave-length as it would radiate 
if excited, and if it has certain particular frequencies which it can radiate^ 
it will also absorb those frequencies. If that is the case, the reflected light 
from a crystal made of such atoms will have a definite colour. In metals the 
colour as a rule is not very marked; in other words, the selective absorption 
of the atoms is not as a rule very pronounced, although when we come to study 
them closely metals all have distinctive colours, but in a few cases, such as 
copper and gold, we have strongly marked colours, due to the absorption 
particularly of the blue waves. Now, if an atom of that kind is distorted in 
any way, the first effect one would expect to find, if the modem views of radia¬ 
tion are correct, is a change in the frequencies of radiation which that atom 
will emit or absorb. In other words, the first effect of that distortion will bo 
a change of colour in the material. Here we touch upon a subject which has 
been studied perhaps less than any other property of alloys, and that is their 
colour. The theory of lattice distortion and of consequent slight atomic 
distortion helps to clear up to some extent this problem of the colour of alloys. 
It is a very remarkable property, because if a strongly coloured metal like copper 
has other metals added to it, something like 60 per cent, of zinc can be added 
before the colour is entirely removed—before the metal becomes approximately 
white. On the other hand, 15 per cent, of nickel is quite sufficient to discharge 
the colour entirely. Other metals produce effects in other proportions What 
is the reason ? The reason at any rate for some of the phenomena is given by 
the distortion theory. Some of the most striking cases are alloys of copper and 
zinc. We have in those alloys a series of solid solutions. There is first of all 
the a solid solution which ranges from pure copper to about 30 per cent, 
by weight of zinc. Then follows a region in which the ^ constituent, also 
a solid solution, makes its appearance, and finally, a little further on, the alloys 
are completely composed of the fi constituent. What happens in regard to 
the colour ? As atoms of zinc are introduced into the a copper lattice^ 
that lattice is expanded and distorted, and consequently if the ideas here 
suggested are correct, the copper atoms will be correspondingly distorted ta 
a successively increasing extent as the concentration of zinc in the oi 
solution incr6ases. In accordance with that, we find that the red colour of 
copper is rapidly changed; nearer the limit of saturation of the a solid 
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solution the allo5rs show a greenish yellow, which is typical of such material 
as the ordinary 70/30 brass. Comparison of these colours, however, requires 
care, because what one sees in the ordinary way are thin oxide coatings which 
affect the colours appreciably, but a freshly-cut surface gives a very good idea 
of the true colours. 

But what happens when the content of zinc is increased a little further ? 
The a lattice cannot be distorted any further, and therefore what occurs 
is the formation of a new lattice. The reason why a new lattice is formed is 
that the total distortion when there are rather more than 30 per cent, of zinc 
by weight present is actually less on this new lattice than it would be if more 
zinc atoms were fitted into the original lattice. If the distortion of the whole 
lattice is less, then the distortion of the copper atom also is likely to be less. 
Consequently one would expect, on the view I am putting forward, thSt the 
colour should revert—that there should be a step back in colour as if one had 
gone back towards the copper end of the series. And that is actually the case. 
It becomes most marked at the point where the alloy consists entirely 01 the 
^ body. On the table are a number of samples of copper-zinc allo}^ ranging 
from about 30 per cent, down to about 54 per cent, of zinc. These colours are 
not very well seen in artificial light, but if in daylight when they are freshly 
cut, one sees at once that the yellowest of the alloys contains only 30 per cent, 
of zinc, and that as the content of zinc rises up to the point where the pure 
p brass is reached there is a distinct reddening of the alloys. Then, as more 
zinc is added, the colour changes towards yellow again, and there is a second 
slight step back when the p phase is reached. There are many other 
phenomena connected with colour. I am not prepared with explanations of 
all of them. The whole subject has scarcely been studied yet, and the present 
ideas are suggestions rather than established explanations. It is interesting 
to find, however, that in the case of nickel, where the change of colour is so 
very marked, the explanation may be that nickel compresses the copper lattice 
when zinc expands it. It is not very difficult to imagine that when the atoms 
are pulled closer together there is more distortion of the atoms themselves 
than if they are p^hed apart. When the atoms are pushed apart the distorting 
effect will be mainly concentrated in the neighbourhood of the alloying atoms, 
but when the whole lattice is closed up there must inevitably be a certain 
amount of squeezing up of all the atoms and a resulting distortion of the electra 
orbits. That may be the reason why the effect of nickel on the colour of copper 
is so much greater than that of zinc. 

A somewhat similar effect attaches to lattice compression in connection with 
•electrical conductivity—that where distortion is accompanied by compression 
of the lattice, the effect on the electrical resistance is generally much greater 
than where there is an expansion of the lattice. Although the lattice may 
be made less regular, or perhaps equally irregular, by expansion as by contrac¬ 
tion, the mere fact of contraction seems to bring with it a much greater effect 
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upon the physical properties. If one can imagine the electrons having to pass 
between the rows of atoms, one can see at once why that should be so; but these 
details will have to be worked out with much greater accuracy, and with more 
detailed knowledge of the exact effect of each metal upon the other, before we 
can be certain that explanations of that kind are really justified. For the 
moment they show the way in which these views of the inner structure of 
alloys help us to form ideas as to the mechanism of the known changes of 
properties. 

Distortion of atoms as the result of alloying may affect the properties of 
metals in other ways than in regard to radiation. One of the most mysterious 
properties of certain metals is magnetism. Modem views of magnetism 
suggest that it is connected with a certain want of symmetry in the structure 
of the atom itself; that a certain unbalance between the electrical forces within 
the atom leaves a residual effect which is the cause of the magnetic phenomena* 
If that is so, it suggests at once that any distortion of the atom, as the result 
of lattice distortion, may have a disproportionately large effect upon the 
magnetic behaviour of the material, and we actually find that even elastic 
strain, and certainly plastic strain, produce profound changes in magnetic 
properties. The magnetic property, for instance, of a soft iron or a silicon 
steel transformer sheet can be seriously injured by applying a small amount 
of cold work to it. Far more effect is produced on the magnetic properties 
than on the mechanical properties, with the possible exception of actual hard¬ 
ness. The interesting feature about it is that apparently the effect of alloying 
atoms may be either to improve or deteriorate the magnetic properties. That 
seems to depend upen the kind of atom that is introduced. If, into commercial 
iron, for instance, atoms of silicon or aluminium are introduced in solid solution, 
the magnetic properties as a whole are improved, certainly the permeability 
is improved, and the hysteresis loss is diminished. The reason may be 
that in commercial iron there is a sufficient number of injurious stranger 
atoms present to produce a certain degree of initial distortion, and when these 
other atoms are added, the distortion they cause is oppx)site in sign to that 
which is present already. The total distortion of the lattice may thus be 
relieved and therefore the total distortion of the atoms. A very interesting 
discovery has been made recently in America ; this is a highly magnetic alloy 
containing 79 p)er cent, of nickel and 21 per cent, of iron, approximately. 
That material known as ‘‘Permalloy” has most remarkable magnetic properties. 
Even in the weak magnetising field of the earth it is very nearly magnetically 
saturated. As an inductive loading for cables it is proving extraordinarily 
valuable. That material has one most striking property. If its magnetic 
piop)erties are determined in the annealed condition, and a very small amount 
of plastic deformation is applied to it, its magnetic prop)erties are very much 
altered. The change is not a matter of one or two per cent., but of hundreds 
per cent. That is a very remarkable fact. The explanation I would suggest 
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for it, on the lines which I have been indicating here, is this: in that alloy we 
are not dealing with an intermetallic compound, but with a solid solution 
system, in which the atoms are probably arranged in some special manner. 
There seems to be some special way in which the atoms can group themselves 
on the space lattice, so that the mutual distorting effect puts all the atoms into 
the most susceptible magnetic condition. But if in a crystal built up in that 
way we cause sliding of layers over each other, even if the sliding goes only a very 
-little way, it is evident that any peculiar geometrical arrangement will be 
destroyed and layers will be produced^ in which the iron and nickel atoms so 
far from being in their best magnetic condition, are in a compr.ratively very 
bad magnetic condition. Hence the enormous effect of slight mechanical 
work on an alloy of this kind. It may be possible to obtain a similar arrange¬ 
ment of the atoms in non-magnetic alloys forming solid solutions. Taiftmann 
has worked on this subject, and believes he has discovered certain chemical 
properties in the alloys of gold and silver particularly, which he ascribes to the 
geometrical regularity of spacing of the gold and silver atoms. X-ray study 
has not, however, confirmed that idea. Probably the time which was allowed 
for the atoms to arrange themselves by the annealing of those alloys has been 
insufficient to give any hope of obtaining a symmetrical atomic arrangement. 
If we succeed in preparing a solid solution, in which the atomic ratio is suitably 
adjusted, in a condition in which the atoms arc not only in phs^ico-chemical 
equilibrium, but in geometrical equilibrium, in which geometrical uniformity 
is achieved, the product will be a solid solution of a very peculiar kind. In it 
there will be no lattice distortion (because the arrangement will once again be 
S5niimetrical), and consequently we should’have an alloy with a single melting 
point, and having a good electrical conductivity and low hardness. Experi¬ 
mentally that has not yet been done. 

In a system like copper-nickel, there is a continuous series of solid solution 
alloys in which the range of melting point apparently increases up to the 
middle of the system and then decreases again. But there is reason to think 
that if instead of determining the solidus in alloys cooled at ordinary rates, 
very slow cooling is allowed so as to give the alloys a chance to reach some¬ 
thing more like final equilibrium, it will be found that the solidus shows an 
upward bend, and it is not too much to hope that by sufficiently slow cooling 
or prolonged annealing it may be possible to realise a condition in which these 
two curves (liquidus and solidus) meet, and in that case we should have a 
truly symmetrical solid solution. Such a material would be electricaUy the 
exact analogue of permalloy in the magnetic sense. In other words, it will be 
a material of low electrical resistance which will be made very highly resistant 
by a very small amount of deformation. That, at present, is merely a prediction 
from theory. It remains to be verified. It is experimentally very difficult 
^to realise and has not yet been accomplished. 

It may be.asked whether a sjnnmetrical solid solution of that kind is not 
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re^y an inter-metallic compound. I think the answer is No, because it is 
perfectly possible to destroy the symmetrical structure without altering many 
of the characteristics of the material, and in that respect we have something 
distinct from an intermetallic compound. On the other hand, typical inter- 
metallic compoimds are found not only to correspond with maxima 
on the liquidus of the corresponding equilibrium diagram but, under X-ray 
analysis to show a lattice structure quite different from that of a pure metal 
or a solid solution. 

A typical inter-metallic compound is the body CuAl^, samples of which have 
already been mentioned. Its lattice structure is shown in Fig. 29. 



y Al 

Fig. 29. 

The black spots represent the copper atoms, so that the diagram of the 
unit cell looks as if it contained far more copper than aluminium atoms, but 
each of the comer atoms belongs to eight cells, and each of the aluminium 
atoms belongs only to two ; so that the true ratio is two aluminium atoms to 
each of the copper atoms if we take the structure through a large mass. In 
this compound, however, we have a lattice which is 4.31 Angstrom units wide 
and 2.42 high. That 2.42 is much less than the normal interatomic distance 
of two copper atoms. What happens is, apparently, that the aluminium atom 
has absorbed something—presumably electrons—out of the copper atoms, 
which has reduced their effective size and allowed them to come much closer 
together. With a body like that it is not possible to re-arrange the atoms by 
sliding them over each other in layers without destroying the whole system. 
Actually that body is completely brittle. It is incapable of undergoing slip, 
which is one of the most characteristic features of these somewhat irregular 
lattices of intermetallic compounds. 

It is quite obvious that in such a lattice it is not possible to replace an alumi¬ 
nium atom by a copper atom and still retain that arrangement, because the 
very thing which enables the two copper atoms to keep so close together is 
that something has been taken out of them by the adjacent aluminium atom. 
A copper atom in its place could not do that, and the result is that this sub¬ 
stance should have no power of holding copper in solid solution. Whether it 
might hold ^ little aluminium in solid solution by replacing sonae of the copper 
atoms by aluminium is not so certain, but it is unlikely. At any rate, the 
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solution-forming power of intermetallic compounds is always very small, and 
in that they differ intrinsically from solid solutions. 

The lattice structures of some other intermetallic compounds have been 
determined by Owen and Preston at the National Physical Laboratory; 
they are shown in Fig. 30. On the left is the compound Mg^Si, and on the 
right the compound AlSb. These structures show interpenetrating lattices 



of two kinds of atoms, but it is clear that no displacement is conceivable without 
complete destruction of such a structure. Again, replacement of one kind of 
atom by the other would be difficult owing to the fact that the mutual arrange¬ 
ment is dependent upon an interchange of electrons, which would not be possible 
if one of those atoms were replaced by one of the other kind. It might be 
possible to replace them by another kind of atom ; for instance, magnesium 
might be replaced by some other element somewhat like it. None the less 
the solvent power of a compoimd must necessarily be very slight if it exists at 
all. Also a compound thus constructed could hardly find its place on the 
lattice of a parent metal. In dther words, if that substance dissolves in another 
solid metal, either magnesium or silicon or aluminium, it can only happen 
by the atoms taking up their places on the lattice of that solvent as individual 
atoms, and not in the particular complex interpenetrating arrangement which 
is shown in the figure. That may not be universally true. For instance, in 
the case of carbon and gamma iron it is probably not true, but in the great 
majority of cases it is probably right to say that, when an intermetallic com¬ 
pound passes into solid solution it does so in the form of dissociated atoms. 
We should not, therefore, speak of, for instance, CuAl^ passing into solution 
in copper. What we have is a solid solution of aluminium and copper from 
which that compound may crystallise out. It is almost certain that the com¬ 
pound does not exist as such in the solid solution ; if it did X-ray analysis 
would indicate its presence. 

In some alloy systems, like the copper-zinc system, there is a succession of 
solid solutions. Right through the system we find the alpha-beta-gamma 
bodies, etc., and the view has been held that those are in reality intermetallic 
compounds capable of dissolving both zinc and copper. We ^ve seen that 
this is improbable, and the fact that we have these continuous ranges suggests 
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that what we are dealing with there are not inter-metallic compounds, but 
rather what I may call allotrope lattices. The alpha lattice of copper is the 
normal lattice of the copper atom—^not necessarily the only possible lattice 
upon which that atom can be arranged, but so long as it is convenient, so long 
as the^ energy conditions allow of it, additional atoms of zinc replacing copper 
are simply built on to that same face-centred lattice. But when the number of 
zinc atoms increases beyond a certain point, what I believe occurs is that the 
copper atoms themselves change over into a different lattice arrangement upon 
which they can accommodate a larger number of zinc atoms. In other words, 
the copper lattice accommodates itself a little to the zinc lattice, and in the 
/J lattice of the copper-zinc system we have not the face-centred cubic 
arrangement, but the body-centred arrangement. It is sometimes shown as 
if the zinc atom were the atom at the centre of the cube, but we have no justifi¬ 
cation for thinking of it in that way; in fact, the very way in which zinc 
diffuses through these alloys suggests that it can find a place upon any of the 
lattice points indiscriminately in the ordinary way. What we really have is 
a copper lattice which is an allotropic form of copper, kept in that condition 
by the presence of a sufficient number of zinc atoms, and when the number of 
zinc atoms is still further increased we have the r body, where a still 
different lattice is formed ; and finally when we approach the zinc end of the 
system we find the close packed hexagonal lattice which is really the lattice 
of zinc itself. 

We have thus four or five different lattices across the system, none of them 
due to the formation of any definite chemical compound, but merely a mutual 
arrangement between the two kinds of atoms. That type of system is by no 
means uncommon in alloys. 

It will not be possible to carry the discussion of intermetallic compounds and 
solid solutions much further ; enough has perhaps been said to show the general 
considerations which the theory of lattice distortion implies. To some extent 
that theory is at present in a tentative condition, requiring quantitative con¬ 
firmation in many directions, but it is beginning to receive that quantitative 
confirmation in a few places. 

As regards the ultimate bearing of these things, if we could settle definitely 
what are the limits of lattice distortion—^what are the real facts about mutual 
replaceability of atoms—then it ought to be possible to understand the exact 
reason why a particular pair of metals forms an alloy system giving rise to 
this, that or the other equilibrium diagram. We ought, in fact, to be able to 
predict from a knowledge of the atoms themselves the kind of configuration 
which mixtures of these atoms will produce. We can do so now in a general 
way. We can say that solid solution will result Where the solvent metal is a 
hard metal, and that the solid solutions will have a greater range, the less the 
dissimilarity between the dissolved atom and the solvent atom, t^ similarity 
being not only a question of atomic volume but of similarity of atomic force 
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field. It may be associated with size, but size may prove to be one of the least 
important factors. We can say when we have a soft metal that we cannot 
expect to dissolve in it in the solid state any large amoimt of another metaL 
and that clears up, at any rate, one of the fundamental difficulties about an 
alloy system. It enables us to predict with considerable certainty the kind 
of system which any two metals will form. If we could carry that further, 
and predict quantitatively that when two given metals are mixed together 
they will form a solid solution up to a certain concentration, and then they 
will form either another solid solution over another range of concentrations, or 
will form an inter-metallic compound incapable of forming solid solutions, then 
the whole key to the mystery would be in our hands. But we have not arrived 
at that stage yet, although we may reach it before very long. ^ 

The fact that there is a regularity governing the alloy systems is very plain. 
It was pointed out some years ago both by Professor Desch and by Professor 
Carpenter. In Fig. 31 we have an illustration of one of those features. 


•c 



Fig. 31. 

The figure shows portions of the equilibrium diagram of three groups of 
alloys of copper, and silver with zinc and cadmium. It suggests that the relation 
of the cadmium atom to the silver atom is very much the same as that of the 
zinc atom to the copper atom. When the known facts about these atoms are 
considered that suggestion is borne out. Those similarities between alloy 
systems exist to a much greater extent than we realise at present. If we plot 
our equilibrium diagrams to a distorted scale, so as to compress a long range 
of solid solution-in one and expand it in another, and if we allow for the effect 
of the atomic characteristics of the individual metals, then we could recognise 
similarities which at present, by our ordinary methods of plotting, are not 
recognisable. They undoubtedly exist, and it may not be very long before 
metallurgists are in a position to predict the properties of alloy s3rstems, and 
perhaps to carry that process of prediction far beyond the limits of experi¬ 
mental study. We can study binary alloys. We can study with much labour 
and expense a ternary s3^tem. Some few have even ventured upon the study 
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of small portions of ternary s3rstcms, but unfortunately, the practical man will 
not be content with these. He puts five or six metals into his pot, to obtain 
something which he thinks is super-excellent. Whether he is wise in doing it 
I do not know. Perhaps it is possible to avoid those complications. Even 
if it is, it is desirable to understand them. We certainly cannot do so by 
diagrams and models in the ordinary way, and systematic study is a labour 
of many lifetimes when it comes to S3^tems of five or six metals. Our hope, 
therefore, must lie in an understanding of the fundamental facts and laws, 
and I hope the ideas which I have tried to explain may at any rate, if they an- 
not thcms2lves the key to that complexity, lead others to find that key. 


OBITUARY. 


Brigadier-General Henry Norlande Ruttan, — Brigadier-General 

H. N. Ruttan, who was elected a Fellow of the Royal Society of Arts in igio, died 
at Winnipeg on October 13th. He was born at Cobourg, Ontario, in 1848, and 
qualified as a civil engineer. In 1865 he entered the Canadian Militia, and served 
against the Fenians in 1866, and against the North-West Rebellion in 1885. He 
was for many years city engineer of Winnipeg, and he took part in the construction 
of the Inter-Colonial and Canadian Pacific Railways. He was president of the 
Canadian Society of Civil Engineers in lyio, and was also a member of the 
American Society of Civil Engineers, 


CORRESPONDENCE. 


I’RONIINCIATION OF SCIENTIFIC TERMS. 

May I call the attention of the Fellows to the remark on page 1,021 in the review 
of “ A Treatise on Light,*’ by R, A. Houstoun—“ It .seems admirable as a school 
book, or a general reading book ” ? 

The Lecture on the Inner Structure of Alloys (by Dr. Walter Rosenhain,. 
F.R.S.), with its lucid description of Atoms and Crystals, would also make a desirable 
reading lesson, if it were possible for the ordinary student to pronounce the technical 
terms of any science. „ 

The printing of the words Angstrom units (page 1,019) proves the feasibility of 
adopting the Orthotype Notation in the Journal. 

As such a simple word as “ metallurgy ” in ordinary print can be, and has been, 
logically pronounced “ meet-all-your-guy,” one can imagine what the reading 
aloud of this treatise would sound like. 

The cause of unemployment is largely the ubiquitous German traveller, who 
has been trained by a phonetic print. That the English printer has no means of 
indicating his own, or anybody’s speech sounds is surely a disgrace to all interested 
in that art which is preservative of so many other arts—Print. 

Deane Butcher. 
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NOTES ON BOOKS. 


Louis Pasteur. By S. J. Holmes. London : Chapman and Hall, Ltd. ys.Gii. net. 

The author, who occupies the chair of Zoology in the University of Califomm, 
devotes his first chapter to the home life, ancestry and ambitions of Pasteur, while 
the second chapter touches on Pasteur's work in the old or usual aspects of 
chemistry and physics, work in which he was more or less associated with many 
eminent investigators, as, for example, Dumas, Claude Bernard, A. Laurent and 
Biot. 

Chapter III. (pp. 41-60) is addressed to persons of slender knowledge, by way 
of preparing them for an understanding of Pasteur's later and more important 
work, and it also aims at a popular exposition as to " The World of Microscopic 
Life," a chapter we may regard as less satisfactory than some other parts of 
the book, as there are traces of that inexactness to fundamental aspects which 
it is easier to tolerate in a newspaper than in a voiume like that before }^s. 

For example, a paragraph commencing on p. 52 and ending on p. 53, refers to 
a bacterium, which can divide an hour after its own natal fission, and the hypothesis 
as to reproduction in a continutxl and exact geometrical ratio is so applied as to 
lead the imagination to a progeny forming a mass of closely packed bacteria, which 

in four days and a half occupies a volume "-more than equal that of the entire 

Pacific Ocean ! " As the inevitable inhibitory agencies are not even suggested, 
the person of slender knowledge, to whom this chapter is addressed, may be led 
to think that the world is in danger of being suddenly dominated by a strain of 
pathogenic bacteria ; moreover, that all (or nearly all) bacteria are pathogenic 
or malignant. 

The author, in the subsequent or main chapters of his book, treats very cleverly 
and pertinently of those characteristic habits of thought, work, and influence 
over others, which mark Pasteur as one of the great men of the nineteenth century. 
For example, on p. 91 we read how by tilting a flask (or two) and making deductions 
from consequent events Pasteur proved Schwann's vitalistic theory of putrefaction, 
and demonstrated the real value and function of the cotton wool plug of Schroeder 
and Dusch, also of the drawn out and tortuous neck of Hoflmann and Chevreul, 
Pouchet's contentions being at the same time finally proved to be untenable. 

The general account of the work of the Pasteur Institute, both before and after 
Pasteur's death, is so interesting and to the point as to give special value to the 
book. 

Why the Weather ? By Charles Franklin Brooks, with the collaboration of 
John Nelson and others. . London : Chapman and Hall, Ltd. 8s. 6^. 

Mr. Brooks is Secretary of the American Meteorological Society, also Associate 
Prpfessor of Climatology in the Clark University, and a course of his lectures 
having been attended by Mr. John Nelson, this gentleman published very full 
reports in his newspaper. A widespread interest in the subject resulted ; illustra¬ 
tions and new facts came to hand ; also new ways of regarding old facts. The 
outcome is an attractive volume, fully illustrated and indexed; but rather a 
departure in style and arrangement from all the treatises on meteorology with 
which we are acquainted. The concise wording is easy to read and understand; 
many things not formally stated being pleasantly suggested so that, open the book 
where one will, new trains of thought are stimulated. 

. On p. 6 we find Christina Rossetti's lines:— 

Who hath seen the wind ? 
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Neither you nor I, 

But when the trees bow down their heads 
The wind is passing by.'* 

The author next points out how much we can learn as to the direction of wind, 
its speed and other matters in an approximatively quantitative sense, by thoughtful 
observation of vegetation and every-day objects. 

Opposite this page (6) is an inset plate, on the two sides of which arc photographs 
of, and notes upon, some of the more important measuring instruments, e.g., 
mercurial barometer, aneroid barometer, aneroid barograph, sling psychrometer 
and hair hygrograph. 

The chapter on summer weather (pp. 97-118) gives rules of action and reasons 
why in relation to hygrometry as bearing on weather from northern Minnesota to 
Florida, and we read of streaming walls and cellars, which are wet by water con¬ 
densed from the ditmosphere - troubles of which we have comparatively scant ex¬ 
perience in Great Britain. This chapter appropriately concludes with a ready method 
of finding the dew-point. A mixture of tepid water and ice is stirred by a thermometer 
in a tin cup till the outside of the cup is clouded, and the reading of the ther¬ 
mometer is then taken. Another more detailed study of this test, in its relation to 
thunderstorms, is to be found on p. 147. 

Section X.. Mountain Weather, and Section XI., Thunderstorms, present many 
aspects of interest which hinge on the magnitude and variety incidental to America; 
while Fig. 24, a thedretical cross-section of a thunderstorm, links together many 
concepts, and appears to bear in an interesting manner on the views as to thermal 
stratification put forward by Dr. Simpson at the recent meeting of the British 
Association {Nature, August 29th, 1925, p. 339 : also September 5th. p. 361). 

The publishers are to be congratulated on the introduction of the present work 
to Great Britain, and it should be welcomed by the general reader as giving him 
broad views at one reading, by the young student of physical science as giving him 
material for integrating with his studies in other branches, and by the matured meteor¬ 
ologist as giving him new directions for thought, investigation and arrangement. 

The Riddle of the Earth. By " Appian Way." London : Chapman and Hall, 
Ltd. 105 , net. 

The view that the earth was at one time a white hot fused mass, and that we 
dwell on the solidified surface -the interior being still in its original fluid state— 
is rejected by our author as untenable. 

His view, as we understand it, is that the earth, as a whole, has been solid from 
the beginning, and that it has increased by occasional additions from the outer 
cosmos, these additions not only bringing solid matter, but also air and water. 
A large meteoric or cometary addition coming at high speed and with some 
approximation to normal incidence may, perhaps, account by impact for such heat 
as might have produced a lake or area of fusion, ora volcano, or a volcanic district. 

As the result of this theory and the way that the author illustrates it by natural 
phenomena, historical or legendary cataclysms, and known physical laws, we 
have before us a pleasantly written book with photographs, charts, diagrams, 
and far-reaching conjectures; a book calculated to attract both young and old, 
both learned and unlearned. 

The author has collected legendary, conjectural, and argumentative matter 
as regards the destruction of that wonderful but possibly m3rthical continent 
of early civilisation, the much storied Atlantis, which, according to Plato, was 
the mother of both Athenian and Egyptian civilisation; so taking " Appian 
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Way as our mental guide we can picture a great impact leading to the submerging 
of Atlantis and the break-off of the west from the east, a glance at a map of the 
world and at the interfitting of Eastern America to Western Europe and Africa 
assisting the mind at this stage. 

We find nothing absurd, fantastic or even unreasonable in the book, but on 
the contraiy*^ much that is reasonable and suggestive ; still an opinion on the main 
issue would be premature. 

It may, hpwever, be allowable to suggest that the old argument for a fused 
interior loses much of its weight owing to the now known heating effects of radio¬ 
activity, and the remarkable essay of Babbage on the " Consequences of Central 
Heat ” (see Babbage’s Ninth Bridgbwater Treatise, second edition, 1838, pp. 
204-208) should be read once more and with care. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 

Monday, November 2.. Farmers’ Club, at the Surveyors* 
Institution, 12, (Ireat tleorpe Street, S.W. 4 p.m. 
Mr. J. R. Bond, “Soil Cultivation as a Factor in 
. Crop Production.” 

Electrical Engineers, Institution of, (Local Centre), 
The University, Liverpool. 7 p.m. Address by 
the Chainnan, Mr. A. E. Malpas. 

University of London, King’s College, Strand, W.C 

3.30 p.m. Baron A. F. Meyendorfl, “ The Russian 
Church, Past and Present." (Lecture I). 

5.30 p.m. Mr. C. J. Oadd, “ The Science of Divina¬ 
tion.” 

5.30 p.m. Mr. R. J. Bartlett, “ Psychology and 
Advertising,” 

Tuesday, November 3. .Aeronautical Society and Institu¬ 
tion of Automobile Engineers (Joint Mating) at the 
Royal SiX’iety of Arts, John Street, Adelphi, W.C. 
7 p.m. Wing Commander T. R. Cave-Browne- 
Cave, “ The Evaporative Cooling of Aero Engines and 
Condensation of their Exhaust Gas.” 

Metals, Institute of (Lwal Sections), Chamber of Com¬ 
merce, New Street, Birmingham. 7 p.m. Messrs. 
W. C. Gray and R. E. Ansell, “ Some Notes on the 
Properties of Nickel-Silver.” 

At the Annstrong College, Ncwcastle-on-Tyne. 7.30 p.m. 
Dr. t. A. Smythe, “Methods and Uses of Mctallo; 
graphy.” 

Electrical Engineers', Institution of (Western Centre), 
Chamber of Commen'-e, Swansea. 6 p.m. ('hainnan’s 
Address by Mr. J. W. Burr. 

(N. Western Centre), 17, Albert Square, Manchester, 
7 p.m. Chairman’s Address by Mr. A. G. EUis. 
Civil Engineers, Institution of, Great George Street, 
S.W. 6 p.m. Address by Sir William ElUs, ITesidcnt. 
University of London, University College, Gower Street, 
W.C. 5.30 p.m. Mr. P. Flemming, “ Bloomsbury and 
the Bedford Estate—A Study in Street Names.” 
At King’s College, Strand, W.C. 5.30 p.m. Miss 
Hilda D. Oakelev, “ The Philosophy of Aristotle.” 
(Lecture 1 ). 

Wednesday, November 4.. Heating and Vejitilating 
Engineers, Institution of, Caxton Hall, Westminster, 
S.W. 7 p.m. Mr. J. T. Lassen, “The Modem 
• Development of Combustion Recording.” 

.Public Anal\'sts, Society Burlington House, Piccadilly, 
W. 8 p.in. 

Electrical Engineers, Institution of (Wireles.s Section), 
Savoy Place, Victoria Embankment, W.C. 6 p.m, 
.Inaugural Address by Major B. Binyon. 

University of I/)ndon, University College, Gower Street, 
' -W.C^ 5.30 p.m. Prof. P. Gcyl, “ Dutch Colonial 
PoUfey since 'X8i6.’! (Lecture 1 ). 


5.30 Prof. W. M. Calder, “ The Early Christian 
inscriotions in Asia Minor.” (Lecture I). Lectures 11 
ami III on Nov. 5 and 6. 

At King’s College, Strand, W.C. 5.30 p.m. Mons. 
P. Fort, “ Trois Ktoiles du Romantisme (Lamartine, 
Vignv, Musset). 

Thursda\, November 5..Royal Society, Burlington 
Ifou.se, Piccadilly, W. 4.30 p.m. 

Chemical Society,” Burlington House, Piccadilly, W. 

8 p.m. 

Electrical Engineers, Institution of, Savoy Place, 
Victoria Embankment, W.C. 6 p.m. Mr. P. 
Dunsheath, “ Dielectric Ihroblems in High Voltage 
Cables.” 

Linnean Society, Burlington House, Piccadilly, W. 

5 p.m.(i) Mr. M. Maxwell, “ The Home of the Eastern 
Gorilla.” (a) Miss E. Bolton, “ Validity of Certain 
Species in Neuropteris Brongn.” (3) Dr. H. S. 
Holden, and Mr. S. H. Clarke, “ On the Seedling 
, Structure of Tilia europvra 
Mechanical Engineers, Institution of (Local Centre), 
Glasgow. Mr. A, B. Smith, “ Some Problems in the 
Applications of Lubricating Oils to Machinery.” 
Manchester, Mr. H. N. Gresley, “ The Three Cylinder 
High Pressure I^omotive.” 

London County Council, Geflryc Museum, Kingsland 
Road, 7.30 p.m. Mr. P. A. Wells, “ Figure and 
Colour in Furniture Design.” 

University of l..ondon, at the Royal Society of Medicine, 
Wimpole Sreet, W, 5 p.m. Dr. P. Watson-Williams, 
“TTie Toll of Chronic Nasal Focal Sepsis on Body 
and Mind.” (Semon Lecture). 

At King’s College, Strand, W.C. 3 -i 5 . P-m. Prof. 
J. W. Allen, “ The Social and Political Ideas of aome 
Great Thinkers of the x6th and x7th Centuries.” 
(Lecture 111 ). ‘Jean Dodin.’ 

3.30 p.m. Prof. Winifred Cullis, *' The Influence of 
the Home in Social Hygiene.” 

At Bedfonl College for Women, Regent’s Park 
N.W. 3.15 p.m. Mr. W. G. Constable, “ English 
Mediaeval Painting.” 

Friday, November 6. .MecJianical Engineersit Institution 
of, Storev’s Gate, S.W. 6 p.m. (Thomas Hawkesley 
LiKture).' Sir John AspinalL ” Some Railway Notes 
Old and New.” 

Universitv of London. University College, Gower Street, 
W.C. ‘8 p.m. Prof. G. Dawes Hicka, ” Contemporary 
English Philosophy.” (Lecture ij. 

At King’s College Strand, W.C. 5-30 Prof. 

J. S. Huxley, ”&ience and Culture.” (Lecture 1 ) . 

Saturday, November 7. .London County Council, 
Hamiman Museum, Forest Hill, S.B. 3.30 p.m. 
Mr. R. A. Smith, ** Aspects of Roman London.’ 
(Lecture 1 ). 
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NOTICE. 

OPENING OF THE 172iid SESSION. 

The Opening Meeting of the 172nd Session will be held on Wednesday, 
November 4th, when the Inaugural Address will be delivered by Sir Thomas 
H. Holland, K.C.S.I., K.C.I.E., D.Sc., LL.D., F.R.S., Chairman of the 
Council. The subject will be “The Organisation of Scientific Research 
throughout the Empire.^ 

The chair wiU be taken at 8.30 p.m. Tea and coffee will be served in the 
Library after the meeting. 

Other meetings of the Society will be held in accordance with the 
announcements printed in the Programme of Sessional Arrangements, copies 
of which have been posted to all Fellows of the Society. 


ROYAL SOCIETY OF ARTS. 


REPORT ON THE SOCIETY’S EXAMINATIONS, 1925 . 


INCREASE IN NUMBERS OF CANDIDATES. 

The number of entries for the Society's examinations continues to rise in a 
satisfactory manner. The number of papers worked this year is 70,638, as 
compared with 67,282 in 1924, an increase of 3,356. The curve on page 1069 
shows how the numbers have grown since 1900, when the figure was under 
10,000. 

The practical value of the certificates is coming to be more widely 
recognised every year. A great many of the largest business and industrial 
firms now directly encourage their employees to enter for the examinations, 
and grade their junior staffs according to the successes which they obtain. 
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CHANGES IN THE SYLLABUSES. 

Certain changes are from time to time made in the syllabuses in order to 
keep the examinations thoroughly practical, up-to-date and suited to the 
requirements of the candidates. The most important changes in the syllabuses 
for 1926 are two:— 

(1) After 1926, examinations ,in " Commercial Correspondence and 

Business Knowledge,” will be discontinued. This subject has 
consisted mainly of two parts, the composition of a business letter, 
and questions dealing with office routine. The Council are of opinion 
that composition is best dealt with under the subject ” English,” 
while as for the other part, much of it is concerned with such points as 
postage rates, commercial terms and abbreviations, etc.,—points 
with which an intelligent junior clerk will very soon make himself 
familiar when he enters an office, and which are hardly worthy of a 
place in a serious examination. 

On the other hand, the syllabus of the subject hitherto known as 
” Theory and Practice of Commerce,” and in future to be styled 
” Conunerce,” has been revised, and will now be found to contain 
all that was really important in the syllabus of ” Commercial Corres¬ 
pondence and Business Knowledge.” If the new syllabus is followed, 
the Council are convinced that it will provide a better and sounder 
educational training than the old ones, and they hope that the changes 
will result in increased entries both for ” English ” and ” Commerce.” 

(2) . The pass mark for a second-class, certificate in Stage II has been 

raised from 40% to 50%. This alteration brings the Intermediate 
Stage into line with the Advanced and Elementary Stages, in both 
of which 50% of the total marks is necessary to gain a certificate 

SOME COMMON FAULTS IN CANDIDATES. 

The reports of the examiners on the papers subniitted to them are published 
each year in the pamphlets containing the various examination papers. In 
many of these may be found much useful criticism which it would 
well repay both teachers and students to study carefully. Unfortunately it 
would appear, from the way in which the same lessons have to be repeated 
year after year, that these reports are not read as attentively as they deserve, 
if they are read at all. There are several points which the examiners are 
always trying to emphasise, and of the^e the following three are the most 
constantly recurring:— 

(1). A great many candidates fail because they will not, or cannot, read 
the questions intelligently. If a candidate is asked one questipn 
and he answers another, it either means that he does not know the 
answer to. the question set, or worse still, that he is incapable of 
understanding the meaning of the words used. Teachers would 
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do well to exercise their students frequently in working examina¬ 
tion papers in order to ensure that this point is thoroughly drilled 
into them. 

(2) . Many candidates apparently think that any kind of handwriting is 

good enough for an examination answer. With the best will in the 
world even an examiner cannot read illegible writing, and if he has 
great difficulty in making out what a candidate has written he is 
naturally pre-disposed to punish the malefactor. 

(3) . Closely allied to the second point is the question of setting down the 

answers in a neat and methodical fashion. Some candidates even 
sprinkle different parts of one answer over several pages. An exami¬ 
ner who is put to the trouble of piecing together these random odd¬ 
ments is more than justified in deducting marks, for if he does not do 
this, how is he to make a just award to a candidate whose methods 
are excellent ? 

What has been said on these three points is, of course, obvious, and it should 
be quite unnecessary to mention them; but unfortunately the oft-repeated 
laments of the examiners show that it is not so. 


REPORTS OF EXAMINERS. 

The Examinations were held, as usual, at two periods, March-April and May. 
In March-April the number of entries was 26,071, and in May, 44,567. The 
papers worked were divided between the two Examinations as follows:— 



March-April. 

May. 

Total. 

Advanced Stage 


5.919 

8,259 

Intermediate Stage 


17.247 

25,427 

Elementary Stage 

H9i 

21,401 

36,952 


In addition to the 70,638 papers worked in’the written examinations, 677 
candidates presented themselves for the viva voce Examinations in Modem 
Languages. 

The subjects of Examination this year were:— 

Arithmetic. Theory and Practice of Commtirce. 

English. Railway Law and Practice. 

Book-keeping. Railway Economics. 

Shorthand. Shipping Law and Practice. 

Typewriting. Stock Exchange Law and Practice. 

Economic Geography. Insurance Law and Practice. 

Economic and Social History. Advertising and Salesmanship. 

Economic Theory. French. 
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Precis-writing. 

Commercial Correspondence and 
Business Knowledge. 
Commercial Law. 

Company Law. 

Accounting. 

Banking. 

Costing. 

Foreign Exchange. 


German. 

Italian. 

Spanish. 

Russian. 

Danish and Norwegian. 
Dutch. 

Portuguese. 

Swedish. 


Arithmetic .—^The total number of papers worked in all three stages was 
7,728 as compared with 7,465 in 1924. In Stage III. the number of candidates 
was 260, of whom 26 obtained first-class certificates, 90 obtained second-class 
certificates, and 144 failed. The proportion of failures is a good deal higher 
than it ought to be, and is due to the fact that many of these candidates should 
have entered for Stage II instead of Stage III. The examiner again finds it 
necessary to draw attention to great weakness in the use of Logarithms. 

In Stage II there were 1,867 candidates, of whom 356 obtained first-class 
certificates, 936 obtained second-class certificates, and 575 failed. A good 
many candidates had evidently not studied the syllabus, while some were 
quite unable to calculate correctly. 

In Stage I, out of 5,601 candidates, 3,949 passed and 1,652 failed. It is 
satisfactory to note that the examiner again reports a general improvement in 
the standard of this stage, but again he has to draw attention to the lack of 
common sense on the part of some candidates. Thus, the thickness of sheet 
lead was often given as 118J feet; 57.2 km. per hour was worked out as 
60,750,600,000 feet per second ; and the weight of one cubic foot of lead varied 
from 0.09 lb. to 9^ tons. 


English .—It is satisfactory to notice that there is again a slight increase in 
the number of candidates taking this subject, the total being 5,973, as against 
5,690 in 1924. Speaking generally, however, there is room for a great deal of 
improvement in the quality of the work submitted. In each stage there are a 
few excellent papers, but the proportion of these is far smaller than one would 
like to see; and there is a large percentage of work which is very poor indeed. 
Comparatively few candidates can put together a clear, relevant and logical 
essay, and unfortunately this weakness in English composition is commented 
on by almost all the examiners in the various subjects of examination. The 
teaching of composition appears to be one of the weakest spots in our whole 
educational system. 

In Stage III there were 308 candidates, of whom 23 obtained first-class 
certificates, 159 obtained second-class certificates, and I26*failed. A few good 
essays were written, but there was far too much irrelevance, and the examiner 
writ^: " one wearies of repeating the advice that candidates must think 
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clearly about the subject and write clearly what they think.” Some of the 
answers in the literary section ought to have been impossible for students at 
this stage : e.g., one stated that the Elizabethan Age was the Age of Anne and 
included Francis Thompson; another mentioned among the Elizabethans 
"Sir Thomas Moore, the writer of the famous Moore’s Melodies”; whilst a 
third mentioned " Shakespeare, Byron, Shelley, Lamb and Coleridge.” 

In Stage II there were 1,855 candidates, of whom 127 obtained first-class 
.certificates, 1,213 obtained second-class certificates, and 515 failed. Many 
candidates lost marks through not reading the questions carefully and so failing 
to realise what they were asked to do. 

In Stage I there were 3,810 candidates, of whom 2,270 passed and 1,540 
failed. The results of this examination, on the whole, show a slight improve¬ 
ment on those of last year. The examiner, however, quotes some extraordinary 
instances of illiteracy, and, he adds, ” there was the usual crop of foolishness, 
e.g., the eagle takes flight ‘ as soon as he hears the shrieks of the fish;’ the 
fish-hawk rises from the sea * with the fish between its teeth,* or ‘ with a helpless 
fish in its arms.* *' The questions on the prescribed books wore fairly well 
answered. 

Book-keeping .—^The preponderating popularity of this subject continues to 
increase, the total number of entries being 20,928 as compared with 20,409 in 
1924. In Stage III there were 3,325 candidates, of whom 397 obtained first- 
class certificates, 1,408 obtained second-class certificates, and 1,520 failed. 
The leading papers were very good. Many candidates, however, were unable 
to submit practical rulings for a Stores Ledger or Time Sheet, and apparently 
it was generally expected that all examination exercises should result in a 
trading profit. Post-war conditions might have rendered them familiar 
with the contrary position. 

In Stage II there were 7,716 candidates, of whom 812 obtained first-class 
certificates, 4,925 obtained second-class certificates, and 1,979 tailed. Here 
the examiner reports that a number of candidates failed from not reading the 
question paper with sufficient care, while too many answers show indications 
of " parrot learning.” 

In Stage I there were 9,887 candidates, of whom 5,717 passed and 4,170 failed. 
Here, too, marks were in many cases lost through careless reading of the ques¬ 
tions, while the arithmetic was often weak. 

Economic Geography .—In Stage III there were 65 candidates, of whom 3 
obtained first-class certificates, 42 obtained second-class certificates, and 20 
failed. The examiner again complains of the quality of the map-work, which 
is in many cases inferior to that in the elementary stage. A good many candi¬ 
dates have also misread some of the questions. 

In Stage II there were 236 candidates, as against 158 last.year. Of these 
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13 obtained first-class certificates, 159 obtained second-class certificates, and 
64 failed. The quality of the papers worked in this stage shows a distinct 
improvement over that of last year. 

In Stage I there were 325 candidates, of whom 241 passed and 84 failed. 
On the whole the general improvement in the standard of the work reported 
last year is well maintained, some of the map-work being quite admirable. 
Certain features of the work indicated that in some centres the teaching is still 
very unscientific. “ If teachers could only be persuaded to try teaching 
scientifically,** writes the examiner, “ they would be amazed at the saving 
of their own time and trouble, and the increased success of their pupils.** 

Shorthand .—There has been a large increase in the number of candidates 
taking this subject, the total being 14,691, as against 13,518 in 1924—a rise 
of 1,173. In Stage III there were 1,237 candidates ; 132 passed at 140 words 
per minute, 414 at 120 words per minute, and 691 failed. These results show 
a marked improvement as compared with those of 1924. In Stage II of 6,629 
candidates 881 passed at 100 words per minute, 2,707 passed at 80 words per 
minute, and 3,041 failed. In Stage I of 6,825 candidates, 2,600 passed at 60 
words per minute, 2,172 passed at 50 words per minute, and 2,053 failed. 
The general standard of work was good. 

Typewriting .—The present examiner has now examined in typewriting for 
twenty-five years, and he takes the occasion to write his impressions of the 
changes which have taken place in that period. In 1901 the number of can¬ 
didates was 1,223 ; this year it is 7,174, a figure ** which very forcibly illustrates 
the increased recognition of typewriting as an educational subject and the 
general adoption of the typewriter in office equipment during the last quarter 
of a century.*' A comparison of the work done in 1901 with that of to-day 
shows a distinct improvement in manipulation, and candidates are less anxious 
than they were to acquire speed at the expense of accuracy. Unfortunately, 
however, there has been a deterioration during the last few years in spelling 
and punctuation,** and it would appear that the greater facilities now offered 
have encouraged too many young people to take up typewriting as a livelihood, 
for which they are educationally unfitted. 

In Stage III there were 654 candidates, 144 of whom obtained first-class 
certificates, 386 obtained second-class certificates, and 124 failed. The standard 
here was very satisfactory, and there was a marked improvement in accuracy, 
quality of touch, and speed. In Stage II there were 2,580 candidates, of whom 
550 obtained first-class certificates, 1,487 obtained second-class certificates, 
and 543 failed. Here, too, the standard was good, although the spelling was 
bad in many cases. 

In Stage I there were 3,940 candidates, of whom 3,152 passed and788 failed. 
The manipulation of the typewriter was generally good, but bad spelling was 
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far too prominent. The commonest shipping and counting-house abbrevia¬ 
tions appeared to be unknown to many candidates ; thus, f.o.b.' was rendered 
as found on back,** " free of observation/* " front or back,** for ordinary 
business,** “for old bachelors,*' and “following on behind.** 

Economic and Social History, —It is to be regretted that there has been a 
falling off in the number of candidates taking this subject, the total being 83, 
as compared with 146 last year, although the figure is better than that for 
1923, viz. 48. In Stage III there were 16 candidates. Only one failed, but 
on the other hand only one obtained a first-class certificate. The papers 
generally reached a creditable standard. In Stage II there were 39 candidates, 
of whom 4 obtained first-class certificates, 25 obtained second-class certificates, 
and 10 failed. There were a few papers of outstanding excellence, but the 
work as a whole was disappointing. In Stage I there were only 28 candidates 
(as against 85 last year), of whom 20 passed and 8 failed. None of the work 
submitted reached a very high standard, but the general level was satisfactory. 

Economic Theory, —^The total number of entries in this subject was 453 as 
compared with 378 in 1924. In Stage III there were 172 candidates, of whom 
12 obtained first-class certificates, 109 obtained second-class certificates, and 
51 failed. Although several candidates entered for this stage who would have 
been better advised to attempt Stage II, a great many papers were of excellent 
■quality and some of distinctly high achievement. In Stage II there were 
281 candidates, of whom 19 obtained first-class certificates. 204 obtained second- 
class certificates, and 58 failed. The general level reached by the majority of 
these papers was satisfactory ; but the examiner finds it necessary to remind 
candidates that they should read the questions carefully before attempting to 
answer them. 

PrccisAVriling, —The number of candidates entering for this subject was 
never very large, and last year it had dropped to loi. There is a slight recovery 
this year, however, the total being 130. In Stage III there were 60 candidates, 
of whom 6 obtained first-class certificates, 40 obtained second-class certificates, 
and 14 failed. In Stage II there were 70 candidates, of whom 12 obtained first- 
class certificates, 46 obtained second-class certificates, and 12 failed. The 
improvement shown in the standard of work last year has been more than 
maintained in this stage. 

Commercial Correspondence and Business Knowledge. —The total number of 
entries in this subject was 3,968. In Stage III there were 109 candidates, 
of whom 7 obtained first-class certificates, 38 obtained second-class certificates, 
and 64 failed. In Stage II there were 1,023 candidates, of whom 71 obtained 
first-class certificates, 783 obtained second-class certificates, and 169 failed. 
In Stage I of 2,836 candidates, 1,877 passed and 959 failed. ^ 



1063 JOURNAL OF THE ROYAL SOCIETY OF ARTS. Oct. so, ms. 


The reasons for discontinuing the examinations in this subject after 1926 
are given on page 1057. 

Commercial Law .—^489 candidates entered in this subject, an increase of 
56 as compared with last year's total. In Stage III there were 168 of whom 
39 obtained first-class certificates, 105 obtained second-class certificates, and 
24 failed. There were fewer very good papers than in 1924, but a good many 
more of fair merit, and the proportion of failures was decidedly smaller. In 
Stage II there were 321 candidates, of whom 122 obtained first-class certificates, 
183 obtained second-class certificates and only 16 failed. The examiner has 
to complain that the writing was often almost illegible, and the spelling was 
*much worse than one should expect in an examination of this kind. 

# 

Company Law .—^The total number of entries in this subject was 308, exactly 
the same number as last year. In Stage III there were 133 candidates, of 
whom 39 obtained first-class certificates, 105 obtained second-class certificates, 
and 24 failed. A large majority of the candidates had evidently received 
careful instruction of a sound, practical nature such as will be of use in actual 
company work. It is somewhat curious that although the examiner has in 
the last two years informed the candidates that the Royal Society of Arts is not 
a limited company, more than half the advanced students stated that it is a 
private guarantee company which has not issued a prospectus inviting the 
public to subscribe for shares; and has had a licence to dispense with the^ word 
‘ limited.' " In Stage II there were 175 candidates, of whom 95 obtained first- 
class certificates, 75 obtained second-class certificates and only 5 failed. The 
high proportion of first-classes and the very small proportion of failures 
speak strongly for the general excellence of the work submitted in this stage. 

Costing .—^This subject was introduced into the examination syllabus for 
the first time this year, when 100 candidates entered. Only i obtained a first- 
class certificate, 30 obtained second-class certificates, and 69—a very 
large proportion—failed. Most candidates were deficient in the power of 
expressing their ideas, and their definitions of direct and indirect labour and 
material were very vague. 

Accounting .—^The number of candidates in this subject was 570, of whom 
56 obtained first-class certificates, 253 obtained second-class certificates, 
and 261 failed. The work submitted was of average merit, but too many 
candidates did their work in a slipshod manner, portions of their answers 
being scattered throughout the paper. 

Banking .—Only 26 candidates entered for this subject, of whom 4 obtained 
first-class certificates, 11 obtained second-class certificates, and ii failed. 
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Foreign Exchange. —In this subject, there were 38 entries in all as compared 
with 25 last year, when the subject was introduced into the syllabus. In 
Stage III there were 12 candidates, of whom 2 obtained first-class certificates, 
5 obtained second-class certificates and 5 failed. In Stage 11 , of 26 candidates 
3 obtained first-class certificates, 18 obtained second-class certificates, and 
5 failed. The examiner's report shows the special points in which the answers 
were weak. 

Theory and Practice of Commerce. —^There is a healthy increase in the number 
of entries in this subject, last year’s total of 1,040 having grown to 1,223. This 
is particularly satisfactory in view of the importance attached by the Council 
to this study, an importance which has led them to substitute “Commerce" 
in and after 1927 for “ Commercial Correspondence and Business Knowledge," 
as has been mentioned above. In Stage III there were 203 candidates, of 
whom 9 obtained first-class certificates, 106 obtained second-class certificates, 
and 88 failed. The proportion of first-class candidates is disappointing and 
many of the students do not seem to have had sufficient practice in expressing 
their thoughts on paper. 

In Stage II of 503 candidates, 60 obtained first-class certificates, 387 obtained 
second-class certificates, and 56 failed. In the May examination the percentage 
of failures was exceedingly low, being only 6.45—a very satisfactory feature. 
In Stage I there were 517 candidates, of whom 283 passed and 234 failed. 
Nearly all the candidates require further drilling in the proper basing and 
calculation of percentages, and a very common fault was failure to read the 
exact temis of the questions. 

Railway Law and Practice. —^The examiner reports that the improvement 
in the quality of the work submitted in this subject, to which he drew attention 
last year, is continued, but unfortunately the number of entries continues to 
fall, being 49 as against 58 in 1924. Of these, 8 obtained first-class certificates 
31 obtained second-class certificates and 10 failed. The general standard 
reached by the candidates is “ distinctly satisfactory," and it is pleasant to 
note that the examiner reports “ a great advance in the English and a total 
absence of the bad spelling which used to mar some otherwise good papers." 

Railway Economics. —25 candidates entered this subject; of whom 4 obtained 
first-class certificates, 15 obtained second-class certificates, and 6 failed. Here 
again, the examiner notes “ a very marked improvement in the English of 
the candidates. The chief defect in the work is traceable to the students' 
knowledge of the subject not being up-to-date. Candidates require to 
jcealise that, when dealing with railwa3rs, they cannot afford to be half-a-dozen 
years behind the times." 
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Stock Exchange Law and Practice .—In this subject there were only 33 can¬ 
didates as comp^ed with 45 last year, when the examination was held for the 
first time. In Stage III there were ii candidates, of whom 8 obtained first- 
class certificates, *i obtained a second-class certificate, and 2 failed. In Stage 
II 5 obtained first-class certificates, 13 obtained second-class certificates and 
4 failed. The high proportion of first-dasses in Stage III is very unusual 
and satisfactory. 

Insurance Law and Practice .—Of the 9 candidates in this subject, 3 obtained 
first-class certificates, 4 obtained second-class certificates, and 2 failed. The 
general style of the papers, including handwriting and literary merit, was 
satisfactory, but the number of entries was exceedingly small, and showed a 
falling off as compared with last year, when the figure was Ig. 

Advertising and Salesmanship .—In view of the demand for capable adver¬ 
tising men and of the high salaries obtainable in this profession, it was expected 
that the number of entries would show a substantial increase as compared with 
the 1924 total, instead of which the figure has fallen from 41 to 35. Of these 
9 obtained first-class certificates, 19 obtained second-class certificates, and 
7 failed. A few candidates did really excellent work, and the examiner thinks, 
that in a field where the demand for competent men and women is much greater 
than the supply the success of these is assured. 

MODERN LANGUAGES. 

French .—It is very seldom that one comes across a report which speaks of the 
work of candidates in terms so enthusiastic as those used by the examiner in 
Stages III and II in French. The work of all the first-class candidates and of at 
least one-third of the second-class candidates in Stage III, would, he writes,, 
be considered creditable in any University Honours Examination. In many 
cases the French was faultlesss both in the translation from English and in the 
free composition. The results of the examination are evidence that there is 
remarkably good teaching of French in many centres and that real and en¬ 
lightened interest is taken in this country in all that concerns French language 
and literature. 

For the last four years a special prize of £5 has been offered by M. Stephane 
Barlet, formerly Exaniiner in French iot the Society, to the candidate writing 
the best free composition in French in Stage III. This was won this year by 
Mr. Arthur Geoffrey Bayliss, a London External Student, who presented an 
admirable French essay. 

There were, in all, 4,786 entries in French. In Stage III, of 492 candidates,. 
62 obtained first-clajis certificates, 267 obtained second-class certificates, and. 
163 failed. In Stage. II there were 1,675 candidates, of whom 241 obtained 
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first-class certificates, 1,051 obtained second-class certificates, and 383 failed. 
Here, too, the examiner finds the standard exceedingly high, one candidate 
actually obtaining full marks—a very rare occurrence in a language paper. 

•As in 1924, the examiner has again prepared a very full report on the work 
done in Stages II and III which should prove exceedingly helpful to serious 
students of French. 

In Stage I there were 2,619 candidates, of whom 2,106 passed and 513 failed. 
A good many would have done considerably better hkd they read the questions 
carefully and understood what they meant. 

German .—It is interesting to note that there is a considerable increase in the 
number of candidates in German; the total this year being 429, as compared 
with 335 in 1924. In Stage III of 60 candidates 22 obtained first-class certi¬ 
ficates, 20 'obtained second-class certificates, and 18 failed. The report on 
these candidates is very satisfactory. The papers showed abundant evidence 
of careful and intelligent study; several candidates showed considerable 
knowledge of German literature and history, and might have sat with confidence 
for a University examination. 

In Stage II of 160 candidates 23 obtained first-class certificates, 89 obtained 
second-class certificates, and 48 failed. The work here was not so good as in 
Stage III. The translation into English was below the average, and there were 
too many bad grammatical blunders. 

In Stage I of 209 candidates 137 passed and 72 failed. Although the standard 
in this stage is still low, the improvement that was noted last year is main¬ 
tained ; but too many papers show gro.ss carelessness and ignorance of Germen 
grammar. 

Italian .—In Stage III there were 18 candidates; 8 obtained lirst-clavss 
certificates, 7 obtained second-class certific? tes, and 3 failed. The best showed 
that they had been very carefully prepared and that their reading had been 
extensive. In Stage II of 34 candidates, 9 obtained first-class certificates, 
20 obtained second-class certificates, and 5 failed. In Stage I there were 41 
entries ; 32 candidates passed and 9 failed. The failures were almost entirely 
due to lack of grammatical knowledge. 

Spanish .—^This subject continues to stand second in popularity among 
modern languages, the total number of entries being 590. In Stage III there 
were 93 candidates, of whom 18 obtained first-class certificates, 55 obtained 
second-class certificates, and 20 failed. The examiner reports a distinct all 
round improvement in the papers as compared with previous years, one candi¬ 
date showing a knowledge of the language much superior to anything previously 
met with in this examination. In Stage II, of 190 candidates 41 obtained 
first-class certificates, 128 obtained second-class certificates, and 21 failed. 
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The general standard here is good, but students are urged to read more widely 
in order to enlarge their vocabularies. In Stage I, of 307 candidates 244 
passed and 63 failed. The papers in this stage were specially well done this 
year, and the examiner reports that some of the candidates might well have 
entered for a higher stage. As a rule examiners find that students would have 
done better to attempt a lower stag^ than they have chosen. 

Russian .—The popularity enjoyed by this subject just before the Revolution 
in Russia shows no sign of returning. This year there were only 18 entries 
in all. In Stage III of 4 candidates one obtained a first-class certificate and 
the other 3 obtained second-class certificates. In Stage II there were 7 
candidates of whom 2 obtained first-class certificates, 4 obtained second-class 
certificates, and i failed. In Stage I there were also 7 candidates, of whom 6 
passed and i failed. The standard reached here was considerably higher 
than usual. 

Damsh and Norwegian .—Five candidates entered for this subject in Stage 
II, of whom 3 obtained first-class certificates and 2 obtained second-class 
certificates, 

Portuguese.—There were 13 candidates in all in Portuguese. In Stage III, 
of 6 candidates one obtained a first-class certificate, and 5 obtained second- 
class certificates. In Stage II of 7 candidates, i obtained a first-class certificate, 
and 6 obtained second-class certificates. 

Swedish. In Swedish, 6 candidates entered in Stage II, and of these 2 
obtained first-class certificates, i obtained a second-class certificate, and 3 
failed. 

ORAL EXAMINATIONS. 

The results of the Oral Test which is now compulsory for all Candidates in 
the Advanced Stage of French, German, Spanish, and Italian were well above 
the average; although there were 118 fewer candidates than in 1924, there were 
41 more passes with distinction this year. An important part of the Oral 
Test is the taking down of a passage dictated in the foreign language by the 
examiner, and in the past this has been a source of great weakness with many 
candidates. It is gratifying to be able to state that the examiners now report 
a very great improvement in this branch of the examination. 

Group Certificates in Commercial Subjects. 

The increase, noted in last year's report in the number of Candidates entered 
from Higher Elementary Schools, and also the new Central Day Schools set 
up under various Education Authorities, has been well maintained. Most of 
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Oral Examinations held during 1925. 


Subject. 

No. of 
Examina¬ 
tion 

Centres. 

No. of 
Exami- 

' ners. 

1 

i No. of 
Candi- 
1 dates 
examined 

Passed 
with Dis¬ 
tinction. 

Passed. 

Failed. 

French 

50 

35 

i 1 

517 

137 

277 

103 

German 

6 

5 

57 

1 9 

33 

15 

Spanish 

14 

12 

86 

29 

49 

II 

Italian 

3 

3 

17 

, 7 

8 

2 


73 

1 

55 

f >77 

182 

364 

131 


these Candidates take a number of subjects qualifying for the Group Certificate 
in Elementary Commercial Subjects. To gain this special Certificate Candidates 
must pass in Arithmetic, English and two other subjects within three consecu¬ 
tive years, but it is satisfactory to find that many pupils from Day Schools pass 
in the necessary subjects in one year. In view of the fact that a fairly high 
standard is maintained in the Elementary Stage (it is by no means a first 
year's examination) the results at these Schools give evidence of really excellent 
preparation. 

In order to encourage students to take up groups of subjects, the Council 
decided in 1924 to offer £200 in prizes for candidates who completed group 
certificates in Commercial Subjects in the Advanced and Intermediate Stages 
in 1925. 

Fourteen prizes of £10 each were offered in the Advanced Stage and twelve 
prizes of £5 each in the Intermediate Stage. 

The qualification for Group Certificates is as follows :— 

advanced stage. 

Candidates must pass in the following four subjects in the Advanced Stage 
in three consecutive years: Economic Theory, Theory and Practice of Com¬ 
merce (or Commerce), Book-keeping, and any one of the remaining subjects 
(other than Shorthand, Typewriting, Precis-Writing, and Commercial Corres¬ 
pondence and Business Knowledge) in which an Examination in the Advanced 
Stage is held. 

INTERMEDIATE STAGE. 

Candidates must pass in the following four subjects either in the Advanced or 
Intermediate Stage in three consecutive years : Theory and Practice of Com- 
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On October 21st, the last day for receiving applications for the above prizes, 
21 applications had been received for Advanced, and 79 applications for Inter¬ 
mediate certificates, and it is hoped to publish the names of the prize winners 
for 1925 in the course of a few weeks. 

The thanks of the Council are once more accorded to the Court of the Cloth- 
i^orkers' Company, who have generously renewed their grant of £40, towards 
providing medals in all the subjects of ex^ination where the work of candidates 
attains a sufficiently high standard. There is no doubt that there is very keen 
competition for these medals, and that they have done much to maintain or 
raise the level of excellence in the papers worked. 

^ The Examination Syllabus for 1926* has been issued. In it will be found 
the fullest possible information about the examinations, a syllabus of each 
stage of each subject, and list of centres. The papers set in 1925 have baen 
reprinted in six pamphlets. Each pamphlet contains, in addition to the papers 
of each stage, the syllabuses of the subjects in the pamphlet and the Examiners' 
reports on the papers worked. 

The regulations for the Oral Examinations in Modem Languages are also 
given at full length in the syllabus. 

* The price of the Syllabus for 1926 is 4^?., post free. Copies can be obtained 
on application to the Examinations Officer, Royal Society of Arts, Adelphi, 
London, W.C.(2). The price of the pamphlets containing the 1925 papers is 4^. 
each, post free. Particulars of these may be Obtained as above. 


OBITUARY. 

John Edwin Rhodes, A.M., M.D.—^The death took place on September 2nd 
of Dr. John Edwin Rhodes, who was elected a Fellow of the Royal Society of 
Arts in 1920. He was well known in Chicago as a physician and surgeon, specialising 
in diseases of the throat, and for many years he held a chair in the Rush Medical 
College, Chicago. 

James Sykes Gamble, C.I.E., M.A., F.R.S.—^Mr. James Sykes Gamble died 
at his residence in East Liss, Hampshire, on October i6th, at the age of 78. Bom 
in London in 1847, be was educated at the Royal Navy School at New Cross, 
and at Magdalen College, Oxford, where he held a demyship. After graduating 
with first-class honours in the Final School of Mathematics, he was selected for 
the Indian Forest Service, and underwent his course of practical training at the 
Ecole Nationale des Eaux et Fordts at Nancy. He went out to India in 1871, 
and served in British Burma and Bengal. In 1882 he was transferred to the 
Madras Presidency, and subsequently to the United Provinces, where he was 
Director of the Imperial Forest School at Dehra Dun and ex officio Conservator 
of the “ School Circle.*' 

Mr. Gamble was the author of several works of great botanical importance. 
In 1887 he published his ** List of Trees, Shrubs and Climbers of the Darjeeling 
District, Bengal,** of which a second edition appeared in 1895. appeared liis 

well-Juiown “ Manual of Indian Timbers,** which was republished with amplifica¬ 
tions in 1902, and reached a third edition three years ago. He also wrote a “ Flora 
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of the Madras Presidency/* ** The Bambuseae of British India/* and (with the late 
Sir George King) “ Materials for the Flora of the Malay Peninsula." 

He retired from the Indian Forest Service in 1899, and in that year he received 
the C.I.E., and was elected an F.R.S. He was awarded the Jury Medal and 
Diploma of the Paris Exposition of 1900 for his services in organising the forestry 
section of the Indian Court, and the Barclay Medal of the Royal Asiatic Society of 
Bengal. He was appointed Lecturer on Indian Forest Botany in the University 
of Oxford, and played an important part in the selection and training of forest 
officers. 

He joined the Royal Society of Arts in 1899, and occasionally took part in dis¬ 
cussions at the Society’s meetings. 


NOTES ON BOOKS. 


Bungalows and Small Country Houses. Edited and published by "The 
Arcliitect," Ludgate Circus, E.C. 2s. 6 d. net. 

The extraordinary popularity of the motor car has, among other things, done 
much to change the face of the country, especially in the neighbourhood of the large 
towns. Take a run along the great North Road, and for twenty or thirty miles 
3"Ou will see endless little houses, many of them with garages nearly as big as them¬ 
selves. Nor are these building operations limited to the main arteries of traffic ; 
the countryside between them is sprouting with mushroom growths, and the 
estate agent is flourishing exceedingly. Amongst all this development how often 
does one see a house or cc)ttage that haS any attractions ?% Most of them are 
simply deplorable, and make the environs of a place like London .a veritable eyesore. 

The tragic thing about it, too, is that there is no necessity for all this ugliness. 
If people who contemplate building themselves a little house in the country would 
consult this book they would find a wealth of pleasant suggestions. We have 
plans and elevations of numerous bungalows and small houses by well-known 
architects. Some of these, notably a Tudor cottage by Mr. Harold E. M-ss, 
A.R.I.B.A., a bungalow at Camberley by Mr. C. Wontner Smith, F.R.I.B.A.* 
and a house at Coombe Hill by Messrs. H. F. Murrell and R. M. Piggott, 
A.A.R.LB.A., are quite delightful. Particulars are also given showing the accom¬ 
modation provided, and the prices, which are no higher than those charged for the 
monstrosities which have become so painfully common. 


CORK, SILK, TOBACCO AND OLIVE OIL INDUSTRIES IN SPAIN. 
The report on the industries and commerce of Spain by the Commercial Secretary 
to H.M. Embassy in Madrid, gives details regarding cork, silk, tobacco and olive 
oil industries of ^e country, from which the following is taken :— 

Cork. —^The annual output of cork bark is estimated at between 60 and 70,000 
tons, of a value of 16 millions of pesetas. The cork industry is one of the oldest 
in the country, having been established in the province of Gerona in the beginning 
of the 19th century. In recent years modem factories have been set up in the 
neighbouring province of Barcelona, and although the introduction of the Crown 
cork adversely affected the true bottle cork industry, during last year there was a 
revival in the manufacture of certain kinds of corks, especially those for the bottling 
of sparkling wines. For the manufacture of these corks only the best quality cork 
bark is used; consequently there is a considerable demand for *this quality, and 
prices have remained high. Poor qualities and waste, which are used for the manu- 
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facture of linoleum and the preparation of cork boards for insulation purposes, 
only fetch a nominal price. Exports of the manufactured boards to England, 
Belgium, and the United States of America have increased considerably. The 
linoleum factory in Madrid should now be an important consumer of waste cork 
which hitherto has principally been exported. 

Silk. —^The cultivation of the silkworm on the Mediterranean coast, especially 
in the province of Murcia, is an important industry. The average number of cocoons 
harvested yearly during the last 10 years w'as 926,100, giving an average normal 
production of crude silk of 73,200 kilos. Silkworm eggs are distributed gratis 
by the Government through their sero-cultural stations, and peasants are encouraged 
to take eggs to these stations for examination. At the Murcia station a refrigerating 
chamber has been set up, where the farmers and peasants can leave eggs to hibernate. 
The cocoons are usually sold direct to the Spanish spinners established in ]Murcia, 
Valencia, Barcelona, and Seville, although some growers sell them to the hfench 
spinners at Lyons. 

Tobacco. —It must be concluded that the scheme for the encouragement of 
tobacco cultivation in Spain, which was initiated in 1917, did not at first receive 
the support of cultivators, as in 1921 there were only 17 growers. This number 
has now increased to 1,050 in 1924, while the area under cultivation has risen from 
116 hectares in 1921, to 1,000 hectares in 1924. In March, 1925, a central commis¬ 
sion was appointed to study the question further, and to make a report on the result 
of the experiments carried out to date. 

Olive Oil. —During November, 1924, an olive oil conference, at which only 
national growers and producers were represented, was held in Madrid. This 
Conference, which was under the auspices of the Council of National Economy, was 
opened by H.M. the King of Spain, the subsequent proceedings being presided 
over by the Vice-President of the Council. 

The assembly submitted their conclusions to the (Government and the following 
recommendations are extracted from their report:— 

(t) The creation of a general association of olivc-growcrs. 

(2) The use of tank wagons to facilitate distribution in the country. 

(3) Facilities to importers of tinplate and the extension to two years of the 
permission to export the manufactured containers, and modifications in 
the existing regulations regarding the proof of re-exportation, in the sense 
that this should devolve on the authorities at home, and not on the consuls 
at the port of arrival. 

(4) That the Superior Banking Council should be ref| nested to investigate the 
possibilities of establishing an Export Bank to give export credit facilities. 

(5) That the export tax on oil should be suppressed. 

Effect has already been given to headings 3 and 5, the recommendation under 
heading 3 being of considerable importance to the British tinplate trade. 

The Madrid (k)nference was no doubt a preliminary to the Seventh International 
(Congress which was held in December at Seville. The congress was attended by 
some 1,500 members, including representatives of France, Italy, and Portugal; 
an exhibition of machinery and implements peculiar to the olive industry was held 
at the same time. The selection of Seville was certainly fortunate, in that Anda¬ 
lusia produces two-thirds of Spain’s output of an average of 300,000 tons per annum,, 
which is more than 45 per cent, of the world’s production. December is the 
height of the olive harvest, and members of the (Congress had an opportunity of 
studying on the spot the various methods adopted in gathering the crop and extract¬ 
ing the oil. The Congress did not confine itself to studying the means of production 
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or marketing the olive and its products, but extended its attention to every possible 
question affecting the industry, diseases of the tree and other pests being carefully 
considered. The need of adequate protection against disease is of great importance 
to Spain, as some districts are infested with the olive fly, and the quality of oil 
obtained from infected olives is largely impaired. 


THE GROUND-NUT OR MONKEY-NUT. 

The ground-nut or " monkey-nut ” as it is commonly called, is cultivated in 
almost all the warmer countries of the world, especially India, China, West Africa 
and the United States, and apart from the huge quantities that are consumed in 
these countries, no less than 800,000 tojis are exported to Europe alone. The nuts 
are largely eaten either in the raw state or roasted, but by far the greater quantity 
are used as a source of oil. For a great many years Marseilles lias been the chief 
centre in Europe for the production of ground-nut oil, but considerable quantities 
are now prepared in Great Britain, where the industry was started during the war. 
China also produces a very large quantity of the oil. (iround-niit oil is used 
for a variety of purposes. It is largely employed as a salad oil in place of olive 
oil, and in the manufacture of margarine and other edible fats. It also finds a use 
as an illuminant and lubricant, whilst the lower qualities are employed for soap¬ 
making. The cake left after the oil has been expressed from the nuts forms a 
valuable feeding-stuff for cattle and other farm aniir.als. 

The " Bulletin of the Imperial Institute contains a detailed article on the 
cultivation and utilisation of the ground-nut. It gives particulars of value to the 
producer regarding methods of growing the plant and harvesting and marketing the 
crop, as well as information on the preparation and uses of the oil. An interesting 
account is given of the position of ground-nut cultivation within the British Empire. 
This shows that in addition to India, Gambia and Nigeria, where the crop is 
already largely grown for export, many other parts of the Empire are suitable for 
its production on a large scale. The present contributions from the latter, 
however, are relatively small, although Tanganyika, the Sudan, and Kenya show 
a steady increase in exports in recent years. 


CONCRETE RAILWAY WAGONS. 

Iron and woodtioors in railway wagons may be replaced by cement, if experiments 
recently conducted in Germany continue to prove succes.sful. According to a report 
bv the United Stated Consul-Ciencral at Frankfort on Main, a compo.sition called 
“ Eisenbeton " has been used in the construction of the floors of railway goods 
wagons with a great measure of success. The first wagon made of this substance 
^vas built in 1919 at Heidelberg, and was tested in the railway goods yards. The 
wagon withstood concussion at a speed of 27 kilometres, and shifting tests were 
so satisfactorv that after five years of service this test wagon still remains in perfect 

condition. • 1 xi, - 

The new type of wagon weighs 20 tons, and in appearance is much the same as 

an ordinary iron one. The cost of manufacture, liowever, is much less than for iron, 
and although the concrete car is much heavier, the fact that the danger of ^st is 
eliminated offsets this disadvantage. The wagon with concrete fl(^ require so 
little repair work in comparison with wood and iron wagons that the railway adminii^ 
tration is favourably impressed, since the yearly expenditure for repairs on the old 

type of wagon reaches a considerable amount. ^ j. ^ 4. a*. 

A company for the manufacture of these wagons has been formed at Darmstadt. 
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MBBTINOS OF OTHBR SOG1BTIB8 
OURINO THE ENSUING WEEK. 

Monday. November 9. .Mechanical Engineers. Institution 
of. Storey's Gateu S.W. 6 pjn. (Graduates’ Section.) 
Mr. £. B. Ball, '’Some Engineering Features in 
connection with Iziigation in South Africa.*’ 
Electrical Engineers. Institution of (Infonnal Meeting). 
Savoy Pla^ Victoria Embankment, W.C. 7 pjn. 
Discuaskm on ” Modem Developments of Telepnmie 
Cables.” 

(N. Eastern Section.) At AimsUotm College, New- 
castle-on-Tyne. 7 pjn. Mr. P. Dunsheath, ’’Di¬ 
electric Problems in High Voltage Cables.” 
Surveyors’ Institution, Z3, Great George Street, S.W. 
8 pjn. 

Geographical Society, Z3Z, New Bond Street, W. 8.30 
p.m. 


Metals. Institution of (Soottish Local Centre), 39. 
Elmbank CrescenC Glasgow. 7.30 p.m. Dr. J. A. 
Cranston, ’’The Binding Forces between Atoms.” 
University of London, at King’s College, Strand, W.C. 

5.30 p.m. (Swiney Lectures.) Dr. W. T. Gordon, 
’’Geology and Civilisation.” (Lecture 1.) 

6 pjn. Mr. H. W. Steed, ” Central Europe and the 
War.” (Lecture I.) 

5.30 p.m. Baron A. F. MeyendorfF, **Tho Russian 
ti hu r ^ . Past Present.” (Lecture 11.) 

At the Institute of Historical Research, Malet Street, 
W.C. 3.30 pju. Dr. O. Vocadlo, ” From Bohemia 
to (Locture 1.) 

At the Birkbeck College. Fetter Lane, E.C. 8.15 p.m. 
Lord Eustace Percy, zoand Anniversary Foundation 
Oration. 

Tuesday, November zo.. Aeronautical Engineers’, In¬ 
stitution o^ at the Junior Institution of Engineers, 
39, Victoria Street, S.W. 6.30 p.m. Mr. M. L. 
Bramson, “ Practical Flying.” 

Electrical Engineexs’, Izistitutioii of (N. Midland Centre), 
Hotel Metropole, Kin^ Street, Leeds. 7 p.m. Mr. 
S. Derwen Joaes, Chauizuui’s Address. 

(Scottish Centre), Royal Technical College, Glasgow. 
7>30 pjD. Prof. M. Maclean, Chainzian’s Address. 
Marine Engineers, Izistitution of, 83, The Minoiics, £. 

6.30 pjn. Mr. £. F. Spanner, ” A Proposed Method 
of Minimising risks due to Collision in the Construction 

* of Ships.” 

TransporL Institute of (Midland Graduate Society), 
at the unpetial Hotel, Biimmgbam. 6.30 pjn. Mr. 
A. Jackaon, ” Passenger Fare Charges on Urban 
Tzamway Services.” 

University of London, Univexsity College, Gower 
Street, W.C. 3.30 pjo. Lieut.-Col. £. F. Straoge, 
’’Far Eastern Art—I., Chinese and Japanese 
Painting.” 

At King’s CoUegeu Strand, W.C. 3.30 pjn. Miss 
H. Oakley, *' The Pbilosoptay of Aristotle.” (Lecture 

5.30 pjn. Sir Bernard Pares, ” The History of Russia 
bmie Peter the Great.” (Lecture V.) 

Wednesday, November zz.. Civil Engineers, Institution 
o^ Greet Gecme Street, S.W. (Informal Meeting.) 

6 pjn. Sir £. Owen Williams, ’’The Relative 
Eotmooiy of Different Classes of Reinforced Concrete 
Work.” 

Electrical Engineen, Institution of, (South Midlazid 
Centxe), at the Uziivetsity, Eomund Street, 
Binningham. 7 pjn. Mr. W. R. Barclay, ’’The 
Development of Alloys of Nickel and Cniomium ' 
for HJgn Tempecatuze Work and Electrical Resistance 
Heating.” 


Univenity of London, University College, Gower 
Street, W.C. 3.30 pjn. Prof. G. Elliot Smith, 
’’The Evolution of Sian.” 3.30 pjn. Prof. J. G. 
Robertson, ” Swedish Literature m the Eighteenth 
Century.” (Leotore. I.) 

5*30 pjn. Dr. B. A. Baker. ** Methods of Reading.” 


B. A. Baker, ** Methods of Reading.” 


E.C. 5 pjn. Prof. H. H. DodwelL ” Relations 
of the Civil and Military Powers at ktadras in the 
zSth Century.” 

Royal Institute of Public Health, 37. Russell Square, 
W.C. 4 pjn. Dr. H. Gilfoia ‘'The Prevention 
of Cazicer and Allied Neoplasias.’' 



Thursday, November zs.. Royal Society, Burliiigton 
House, Piccadilly, W. 4.30 pjn. 


Central Asian Society, at the Royal Uziited Service 
Institution, Whitmiall, S.W. 3 pjn. Ueut.-CoL 
W. G. Grey, ” Recent Persian History.” 

Aeronautical Society, 7, Albemarle Street, W. 3.30 pjn. 
BCr. H. B. How^ ” Some Piobtams in Aeroplane 
Structural Design.” 

Electrical Engineers, Institution of (Irish Centre), at 
Trinity Ct^e, Dublin. 743 pjn. Mr. G. G. 
Sutcliffe, ” Underground Telephone CoAtniction.” 
(Dundee Sub-Centx^, at University College, Dundee. 

7.30 p.m. Mr. 1. Bclar, ” A Cmnpaiison of Electrical 
Wiring Installations and Analysis of their Costs.” 

Metals, Institute of (London Local Centre), at the 
Royal School of BAJzies, South Kmisinffton, S.W. 
7 p.m. Dr. R. S. Hutton and Dr. O. F. Hudson, 
” lienee and Industry: Some Impressions from 
the Early Experiences of the British Non-Ferrous 
Metals Association.” 

Optical Society, at the Imperial College of Science, 
South Kensmgton, S.W. 7.30 pJXL 
Child Study Society, 90, Buckingham Palace Road, 
S.W. 6 pjn. Mr. M. Yeaislcy, ” The Development 
of Speech in the Normal Child.’' 

London County Council, at the Geffrye Museum, Kings- 
land Road, E. 7.30 pjiu Mr. A. L. Howa^, 
” Furniture Timb» of India and Bunzia.” 

University of London, University College, Gower 
Street, W.C. 5.30 p.m. Major-General Sir George 
Aston, ” The Study of War.” 

3.30 p.m. Dr. Canaille Pellixsi, ” Idealist! £ Sensisti 
. Sulla Fine del Settecento.” (In Italian.) 

At King’s College, Strand, W.C. 5.Z3 pju. 
Rev. N. Sykes, ” The Social and Political ideas of 
sonoe Great Thinkers of the z6th and zyth Centuries.” 
(Lecture 1\M—Richard Hookn.” 

5.30 pjn. Dr. £. Prestage, ” The Role of Diplomacy 
in the Struggle between the Portuguese and Dutch 
forBraxiL” 

3.30 pjXL Sir Arthur Newsholme, ” The Community 
and Social Hygiene.” 

3.30 pjn. M[r. C. Collins Baker, “ Italian Painting : 
its Place in Art.” 

At the Birkbeck College, Fetter Lane, E.C. 3.30 pjn. 
Sir Henry Slesser, *' Trade Union Law.” (LMtuce I.) 
Friday, November Z3..London Society, at the Royal 
Society of Arts^ John Street, Ade4>m, W.C., 3 pjn. 
Skr Frank Baines, ” The History and Preservation of 
Westmizister HaU.” 

Engineexing Inspection, Institution oL at the Royal 
^ciSTY or Arts, John Street, Adelpl± W.C. 7*30 
pjn. Dr. W. H. Hatfield, ” Modem De^rolopznenta 
In Steels resistant to Corrosion.” 

Metals, Institute of (Local Centres), at the University, 
St. George’s Square, Sheffield, 7.30 pjn. Mr. S. 
Field, ” Recent Advances inElectro-Deposition.” 

At University College Singleton ParlL Swansea. 
7.Z3 pjn. Mr. L. B. Ffei^* Effect of Crystal SiM 
on the Mechanical Prop«M of Metals.” 
Astronomical Society, Burlington Honse^ Pkoadilly, 
W. 5 pjn. 

Pbysiem Society, at the Imperial College of Science, 
South Kensington, S.W. 3 pjn. 

Saturday, November 14. .Tcanwort, Institute of (N.B. 
Local Centre), Newcastle-on-Tyne. 3 pjiL Mr. C. J. 
Allen, *' Bii^ main Une passensw Tkaln Services.*' 
L on d on County CoundL at the florafanen Museum, 
Forest HilL SJbTsm pjn. Mr. R. A. Smith, 
"Aspects M Roman Lmwm. 11.” 
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All communications for the Society should be addressed to the Secretary, John Street, 

Adetphi, W,C. (2.) 

NOTICES. 

NEXT WEEK. 

Wednesday, November iith, at 8.30 p.m. (Ordinary Meeting.) Sir 
Cecil Harcourt-Smith, C.V.O., LL.D., late Director and Secretary of the 
Victoria and Albert Museum, “ The Modern Note in Industrial Art." 
(Trueman Wood Lecture.) The Rt. Hon. the Earl of Crawford and 
Balcarres, K.T., will preside. Tea and coffee will be served in the Library 
after the meeting. 

Further particulars of the Society's meetings will be found at the end of this 
number. 


REPRINT OF HOWARD LECTURES. 

The Howard Lectures on " Motor Fuels," by J. S. S. Brame, F.I.C., F.C.b., 
Professor of Chemistry, Royal Naval College, Greenwich, and Past President, 
Institution of Petroleum Technologists, have been reprinted from the Journal, 
and the pamphlet (price is. 6 d.) can be obtained from the Secretary, Royal 
Society of Arts, John Street, Adelphi, W.C.2. 

A full list of the lectures which have been published separately and are still 
on sale, can also be obtained on application. 


FRIESE-GREENE COLOUR FILMS. 

A series of films entitled " The Open Road," which have been taken by the 
Friese-Greene Colour Process (a process explained to the Society by the author 
last session), will be shown at the London Pavilion on Sunday evening, 
November 29th. A number of tickets have been placed at. the disposal of the 
Society. Fellows who desire to see the films should apply to the Secretary, 
on or before Monday, November 23rd. Not more than two tickets can be 
given to each Fellow. 
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PROCEEDINGS OF THE SOCIETY. 

EIGHTEENTH ORDINARY MEETING. 

Wednesday, April 22Nd, 1925. 

Mr. Emery Walker, F.S.A., in the Chair. 

The Chairman, in introducing the lecturer, said Mr. Cliivers would be known to 
many of those present as perhaps the most important binder outside London, and 
as a binder who had perhaps more to do with library re-binding than anyone else in 
the trade ; and he had been good enough to come that evening to state how he did 
it. 


The paper read was :— 

BOOKBINDIN(i. 

By Cedric Chivhrs, J.1\ 

Nearly 40 years ago my attention was called by a librarian to the difficulty 
he experienced in keeping books intact and in good enough condition for the. 
purpose of loaning to his readers. On enquiry I heard that he paid rod. ix*r 
volume for a binding in half-leather fully lettered. It was impossible even in 
those days of cheap labour and material to do good work at the price. The 
sewing, the end-papers and all out of sight work w^as scamped and only the' 
appearance of the book as a suitable binding was supplied. I was asked to 
take up the matter and make out a specification for a properly bound and 
serviceable book. I was able to show and product; a binding for is. 7d. which 
had all the serviceable qualities to be desired. 

This specification was widtdy published and is still in force in many Libraries 
although the conditions of papt?r to-day make it in many resjx'cts most 
undesirable. Indeed I frequently lose contracts for Library binding because 
of my refusal to follow the instructions of a sptxification which under other 
conditions I ixjrsonally drew up. 

These methods were the best which at that time could be contrived, but 
presently complaints began to Ix^ made as to the durability of some of my 
bindings. Pages broke away from the sewing. This I remedied by a new 
system of oversewing. While trying to improve the methods and materials 
of bookbinding it became apparent that something inimical existed, and I 
found that the paper of modem books was so bad that traditional methods of 
sewing and binding were ineffective. A modem bookbinding is necessary to 
meet the needs of modem papt^rs. The old method of sewing through the 
folded section was right for the quality of paper to be sewed, but I found it 
wrong for much modern paper, which is so bad that it loses one half of its 
strength in the act of creasing it in the fold. 

Fig. I shows a photomicrograph of the edge of a piece of an inferior paper 
which has been folded once only. The crease due to the folding is clearly 




Fio. I. 

shown. It is through this broken fibn^ that the sewing was done, and the 
book had to depimd on it for its strength. It has become necessary therefore 
for the bookbinder to discover the kind of paper to be bound, and adapt 
his methods accordingly. 

From a great number of tests made on papers used for fiction during a jXTiod 
of twenty years the deterioration shown was from lo lbs. to 6 lbs. in tensile 
strength (Fig. 2). The more modem pajx^rs actually lose half their strength in 
folding, and, plus this deterioration, the modern binder has to contend with 

A COMPARISON BETWEEN THE PAPER OF 
THE AVERAGE LENDING LIBRARY BOOK 

_ ie»0 1909 


Strvagtb^ _ __ — 

fOlbs 

6lbs 

'loas li) Meffoff or 
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77% of papers of undesirable thickness for binding in the ordinary way, 
against his predecessor's but 5%. 

In machine-made paper the fibre is drawn in one direction—this direction 
is consequently the strongest. Fig. 3 shows a portion of the surface of a roll 



Fro. 3. 


of paper, the width of which is indicated by the two thick lines. A sheet of 
double crown paper cut in the vertical from B would when folded in 8vo have 
the grain in the direction shown by the arrows and the paper would be stronger 
in this direction than it would be if cut as A. The latter when folded would 
have the strong direction up and down the page of the book, and consequently 
it would be weak in the fold. 

It had become necessary to learn something about the grain or fibrous direc¬ 
tion of the paper. A book sewed through the folded paper may serve well if 
the grain be across the page, but the same paper would make a weak binding if 
served in the same manner with the grain rimning the length of the book. 
The bookbinder, if he has determined the direction of the grain, may turn the 
disadvantage of a weak direction to a desirable thing. If the paper be thin 
it is at least pliable, and while it would be fatal to sew it through the fold, it 
might be carefully oversewed with advantage. In the course of 
examining the direction of the grain in the papers of modem books, it was 
interesting to note that the folding conditions of paper were much better in 
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VARYING THICKNESSES OF PAPERS 
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THE SECT/OHS OE AAEE^S SMOiVJV ABOVE ABE EA/iABCEO TO THE SAAtC 
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English-produced volumes than in those coming from America, of which no 
less than 86% had the grain running in the weak direction. 

Another factor the binder must take into consideration is that of thickness. 
Fig. 4 shows the largely increased range of thicknesses of paper the binder has 
to contend with, and it is obvious that while the same specification might serve 
for books before 1890, it becomes impossible with modem papers. 

Apart from the thicknesses and qualities of the paper I observed greater 
variations in the thicknesses of the sections of modem books as compared with 
those of 1890. The number of leaves in a section must be made to depend upon 
the thickness of paper. Oversewing makes this possible. 

Fig. 5 shows the backs of three books folded and ready for sewing. To 
bind these three books in the same way would bring about disastrous results— 
different treatment must he applied in each case. * 

The greater variation in the qualities of modem books as compared with those 
of 1890 is shown in Fig. 6. It is clear how necessary it is for bindings to be 
adapted to the varying conditions shown in the diagram. 

The fact that the paper of books has deteriorated in wearing qualities no 
less than 60% demonstrates the futility of employing bookbinding methods of 

DIFFERENCES IN 
THE PHYSICAL QUALITIES 

ORDINARY LIBRARY BOOKS 



Fig. 6 . 
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1890 at the present day. Fig. 7 illustrates the difference between book¬ 
binding conditions of 30 years ago and those of to-day. The connecting rope 
represents the bookbinding. A connection which will hold the smaller weight 
A is seen to be quite inadequate to hold the larger weight B. 

With oversewing when properly done, the paper is not weakened nearly so 
much—^with the unfolded sheet pierced for oversewing the loss is only 16% as 
against 48% with the sheet folded and pierced for sewing through. One other 
great advantage of oversewing papers suitable for the method is that the paper 
is not doubled acutely thereby, breaking the fibres (fig. 8). My own over¬ 
sewing is so arranged that each section is sewed through the previous two 
sections, making the book intact. The pliable weak modem papers treated 
this way serve as well as the leaves of better books. 

One of my first efforts to reform bookbinding methods was to construct a 
new end paper. Hitherto it was merely a folded sheet pasted on the first and 
last leaves of the book, giving no greater strength than the paper joint afforded. 
It had the bad effect of stiffening the fold of the first leaf of the' book—this 
was either the half-title or title of the book, which in nine cases out of ten 
broke away after a very little use. (So bad was this that in a Public Lending 
Library it would be hard to find a book which was intact in its binding at that 
time). I contrived an end paper of double linen joint which w^as independently 
sewed on, and instead of being a strain on the first and last leaves of the book, 
protected these, the most used leaves, strengthening them as well as the 
attachment of the cover to the book. This method of end-papering and jointing 
the cover of the book is now universally demanded and used in all the 
Public Libraries of Great Britain and America. 

Books were originally sewed on strings; these were frequently weakened and 
broken in hammering them into their toards. Tapes replaced string and these 
have now become unnecessary in books with tight backs, the-leather of which 
tightly holds the book together ; moreover the use of tapes entails extra work 
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and expense, whilst hindering the free flow of glue and causing excrescences on 
the surface of the back. One point in the excellent Report of the Royal Society 
of Arts, I think, is open to criticism, in the recommendation of the use of 
"four unbleached linen tapes." Specifications foimded on that Report, 
insisting on tapes for all books alike, disregard the fact that the binding of a 
book must be adapted to the individual needs of its paper if it is to render good 
service. 

The difference between a tight and loose back is shown in Fig. 9. It 
wiU be noticed that in the case of the loose back the leather is in contact with 
the book at two points only; this means the joints are strained and covers soon 
become detached. A tight back more effectively binds a book, for the leather 
grips the whole surface of the back, and every section is tightly held. 

The leaves of books of thick pulpy paper I now actually strengthen, forti¬ 
fying the fibre, by re-sizing and pressing, so that a better surface results, 
less spongy and less absorbent. A book so treated gives a far longer service, 
and by reason of the improved surface of its paper remains clean longer. 

Books of very stiff paper, books of plates on thick paper have hitherto been 
difflcult to bind satisfactorily. By a method of bending the leaves in one or 
more places some f inch from the back it is possible to make such books open 
quite freely. Fig. 10 shows a book too bad to sew through and too stiff to 
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oversew. It rapidly breaks and soon soils, since so much handling is necessary 
to use it. Fig. ii shows a similar book oversewed and bent. This method 
is useful for all books of thick paper with sufficient margins. In the case of 
Fig. 12, which has narrow margins, the leaves have been strengthened by sizing 



Fig. 12. 


and sewed through the back, each leaf bent to ensure ease of oixming. Better 
facility for handling is assured and the life of the book is much prolonged. 

For books of thick paper requiring guarding I use a serrated linen (Fig. 13). This 



has advantages over the usual method, in that it is cheaper, is more readily 
pressed into the paper, and the serrations are so arranged as to interlock, 
resulting in less thickening at the back of the back than with the usual method. 

For books not greatly used but required for permanent reference, I have 
provided a binding which I call “ Storage Binding.” It has been made possible 
by large purchases of Niger leather, using the rougher surfaced portions of 
skins for this cheaper work, by machine sewing and the emplo5nnent of a 
specially made hard grained board which does not require a cloth covering. 
This supplies a cheap binding which is efficient for the purpose for which it is 
intended—for Patent Specifications, Parliamentary Blue'^Books and such books 
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as one would hesitate to put in a binding too good for the service required of 
them. 

The photograph (Fig. 14) shows in a graphic way the result of binding all 
books in the same way. The book A has sustained no less than 483 issues in a 
Public Library, whereas B has come to pieces after being loaned .some 10 times 
only. It was bound in exactly the same way as A. This illustrates the necessity 
of adapting the binding to the varying qualities of pajx^r. Had the nature of 
the paper of B been considered and appropriately dealt with it would have 
rendered good service. 

Leather has qualities which no other materials possess in adaptability to 
the binding and covering of books. Other materials may cover but they do 
not bind as leather does—^if wisely chosen it has greater variety in thickness, 
softness, pliability, tenacity of adhesion and strength, being capable of adapta¬ 
tion to the exceedingly varied conditions which the diagrams illustrate modem 
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books to exhibit. The Society of Arts in 1901 gave a very valuable report on 
the reasons for the decay observed in modem leather and set forth suggestions 
as to the better tanning and dyeing. Some amplification of their enquiry 
appears to be necessary, for supposing the leather is tanned and dyed in the 
manner the report specifies, it is still desirable to know which leathers supply 
the best mechanical qualities. I there^re made exhaustive tests of the tearing 
strains of the various leathers used in bookbinding. Fig. 15 sets out the 
results of such tests; first the thickness in thousandths of an inch is given, then 
the tearing strain in poimds. The strength ratio is shown and the order of 
value of the skins compared with each other. The high value which is shown 
by the Niger leathers is not a little surprising, when it is remembered that these 
leathers have been tanned by the natives of Nigeria. The Nigerian tanner, in 
his so-called ignorance, has been working along the lines of least resistance,, 
allowing atmospheric conditions, temperature and time to operate, with results 
which give a more satisfactory result than can be obtained undtT civilized 
conditions. Figs. 16 and 17 are photomicrographs of the transverse 
sections of various leathers; these have been prepared with the object of visuali¬ 
zing and examining the fibres of different leathers, comparing their proportions 
of muscular tissue, and showing the interlocking of the tissues, which are 
strongest next to, that is, lying next to the animaFs body; as the latter are 
pared away so the tensile strength of a skin is reduced. 

Further severe tests under extreme conditions of heat, dryness and moisture 
have demonstrated that the native tanning of Nigerian leather more effectually 
preserves it from injury under bad conditions. Under conditions in which 


Cowhide and calf 

lost 99% of its original strength, 
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... 87% „ 


Persian hard grain Morocco 
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So that with the linen jointed end paper, improved oversewing, methods of 
dealing with refractory papers and the leather free from acid and the best kind 
of skin for bookbinding purposes being selected,it is now possible to produce a 
binding which lasts the very much lengthened life of the book. Bookbinding 
can effectively be made to hold and protect modem books for Library service, 
if it is adapted to the many different qualities of paper now used, and allied 
with materials and leathers specially selected and prepared to give hard and 
long usage. 

A passing reference to the decorated book cover may be of interest. A 
method of covering original water colour designs with transparent vellum 
makes possible for the first time the use of colour in a permanent form for the 
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'6xtemal decoration of books. The design is painted upon paper which is 
covered with transparent vellum (the unstretched skin), the siirface of which 
is tooled with gold. A book bound in this " Vellucent" binding is shown in 
Fig. i8. This form of decoration may be used in connection with leather 



Fig. 18. 

bound books; vellucent panels are inlaid in the leather cover amid surrounding 
gold tooling. Fig. 19 illustrates a volume so bound. Such a treatment is 
speciaDy adaptable to Illuminated Addresses in book form, as the panels may be 
designed to have intimate personal application to the recipient. Old and 
valuable books may be suitably rebound by reproducing the age and character 
of the title pages and covering with the transparent vellum. An old and de¬ 
cayed leather binding effectively restored, and its decay arrested (being pro¬ 
tected from atmospheric influence) by covering the entire surface of the leather 
with the vellum while still retaining every detail of the bindinv and its old 
appearance, is shown in Fig. 20. 
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DISCUSSION. 

The Chairman, in opening the discussion, said he thought it might be said that 
the earlier part of the lecture had been chiefly devoted to showing how to make the 
best of a bad job. Surely the right thing to do was to use a paper which did not 
require to be re-sized before the book was re-bound ? Paper had steadily got worse 
in his own time. At the beginning of the last century machine-made paper had taken 
the place of hand-made paper. Books which authors and publishers wanted to do 
their duty by had always been printed on hand-made paper. The difference 
between hand-made paper and machine-made paper, in its manufacture, was that 
in the machine-made paper the pulp flowed from the vat all in one direction, and 
therefore, the paper was very easily tom in the direction of the flow of pulp. With 
regard to a hand-made paper, the paper-maker dipped the mould, a wire sieve, 
into the pulp and gave it a shake, which interlocked the fibres in all directions. If 
one employed the same material which was used for a hand-made papei on a 
machine, one could get a very good paper indeed, but it did lack the quality given by 
the fibre being interlocked in all directions. Machine-made writing paper would 
tear very much more readily in one direction than in the other, and that was not 
so with a hand-made paper. 

Mr. F. Pacy (Library Association) said although Mr. Chivers had been talking 
on the subject for a great many years past, he always had something new to say about 
it; Mr. Chivers was an inventive genius. He would like to ask whether the Niger 
morocco, to which Mr. Chivers had referred, suffered by being dyed in different 
colours. Was there an acid, or deterioration ? He asked that question because 
long before the Royal Society of Arts specification, under the guidance of Mr, 
Hume of the Patent Office he had been contracting for acid-free leathers, but those 
leathers had all gone to rot at the end of 25 or 30 years. He was perfectly convinced 
that in a great many of those colours acid had been used, in spite of the specification 
which laid down that it should not be used. ’ 

He agreed that it would be best to leave the leather binding in its natural colour, 
but he was afraid that the Public Libraries would present a very dull atmosphere 
if it were so left; a library would present the deadly monotony of a collection of 
Hansard debates. The atmosphere of a library depended very much upon the 
decoration on the books. 

Mr. Chivers said he had found that the dyes used in dealing with Niger leather 
were harmful, and therefore he did not allow anybody but himself to dye the 
leather which he used. On one occasion he had got one firm to guarantee him 
£100 if they did anything to the leather which was harmful. He had analysed 
that leather and had found that the firm had put in harmful constituents, but 
although he had applied for his £100 he could not get it. He had, therefore, 
determined that in future he would always do the dyeing himself. 

Mr. R. ^-Ababrelton remarked that he had in his possession a number of old 
family bibles. Such bibles as a rule were bound with leather-covered millboards. 
The leather as a rule was very bad indeed, and was decayed. Personally, he had 
been able to do something to the leather which, in his opinion, would make it last 
for a good mjany years to come. He would like to ask Mr. Chivers whether he had 
done anything in the direction of preserving the leather. 

Mr. Chxvers said the matter which Mr. Ii-Ababrelton had raised had often been 
before the Library Association, which had discussed it, and which had recommended 
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several things for the purpose of nourishing the leather. When leather got dry no 
strength could be put into it. 

Mr. ^-Ababrelton said he thought that was not the case, because he had done 
it. 

Mr. Chivers said if Mr. a-Ababrelton had any method to suggest, the Library 
Association would be only too glad to hear about it and recommend it. 

A Member of the Audience asked if gas in libraries was very injurious to the 
coverings of books and whether all Public Libraries should not use electric light. 

Mr. Chivers replied that gas was exceedingly injurious, but in the last few years 
the condition of the atmosphere in libraries had been vastly improved, and the 
books would have a much better chance in the future. 

Mr. Stanley Unwin asked if Mr. Chivers had noticed any tendency during the 
last year or two amongst publishers to use rather better quality papers. There 
had been a period before tlie war when bulk had been the fetish. He was hoping 
tliat tliat fetish had not now quite the strong hold that it then had had. 

Mr. Ciiiv]-:rs replied that he thought paper was improving. 

A Member of the Audience asked if Mr. Chivers thought that leather, even 
Niger leather, was the best thing for binding books which were simply put on 
library shelves and probably left there for ever. Would it not be rather better to 
use a fabric, such as a good buckram, for such books ? In the British Museum there 
were hundreds of fabrics thousands of years old, but there were no leathers of any¬ 
thing like that age. A fabric would probably last a good many centuries, whereas 
leather would certainly decay. 

Mr. Chivers said that no fabric of which he knew bound a book. Leather was 
the only thing which bound a book. In his own opinion, Niger leather showed all 
the qualities of the old-fashioned leather, and would last hundreds of years. It was 
by far the best binding because it was the only thing which really did bind. 

Mr. Aluicrt E. Coles said at the time when the Society's report on bookbinding 
had appeared (at which time he was working for a library) he had been passing the 
Law Courts in the Strand and had found that new stones were being put in the 
building. He had enquired the reason and had been told that the repairs were 
necessary because of the climate and the sulphurous gases in the atmosphere. 
He had started using the Niger morocco leather at that time, and had cut out 
sections and had stuck them up on the wall in front of the light, within a few yards 
of Fleet Street. Ten years afterwards he had found that they had all gone to pieces. 
He had been assured that in the country of origin of that Niger leather many books 
of the Koran had been bound 200 years ago with it, and it did not show any signs 
of deterioration whatever. His own opinion was that the climate of London, with 
its gases, was bound to deteriorate that leather. 

Mr. Chivers said he admitted tliat Niger leather deteriorated under free sul¬ 
phuric acid, but he claimed for it, under the conditions he recoii\mended, that it 
was better than anytliing else of which he knew. 



1095 JOURNAL OF THE ROYAL SOCIETY OF ARTS. yov. e. ms. 


Another Member of the Audience said he would like to refer to oversewing^ 
He noticed that one of the books which had been passed round that evening was 
not oversewn, and it had a hollow back. He assumed from that that Mr. Chivers 
did not advocate oversewing in all cases. The book in question had a beautiful 
paper. 

Mr. Chivers said he had been trying to make it clear all through his lecture that 
every kind of paper must be dealt with according to its needs, and that it was better 
to sew a book though if the paper was good enough ; that was tlie proper way to 
bind a book. He did not criticise the binding of ancient books ; they were bound 
excellently well. What he had tried to point out was that paper was becoming a 
very different kind of thing from what it used to be. The whole point of his lecture 
had been that paper varied so much that it required various methods in dealing 
with it. 

• 

Mr. W. H. Dyer said it had been particularly interesting to him to listen to Mr» 
Chivers's review of the methods of library binding, in the light of his own experience,, 
which went back for many years. He remembered the indifference with which 
library binding was treated by the buyers of library books. He knew a firm for 
which he used to work who thought it quite met the case to purchase the off cuts and 
cuttings from an upholsterer, and, whether the leather was thick or thin, it was 
put on to library bc^ks. The result was disastrous, because those books used to be 
returned in a very dilapidated state. Even if the binding of a book cost double, 
it was in the end an economical advantage to pay that double cost. Mr. Chivers 
conducted his library binding on a scientific and economical basis. He had no rival 
in that class of work. His relations with his workpeople were of a very happy 
character, and it was because of that relationship that Mr. Chivers obtained the 
good results he did. In his own opinion, but for that fact, Mr. Chivers would not,, 
perhaps, have achieved the fame that he had. 

Mr. J. F. Ronca (Board of Trade) said that a question had been asked with 
reference to gas, and he gathered it was more or less definitely proved that gas was 
injurious to book-bindings. He was not a librarian or a bookbinder, but he was a 
little interested in chemistry, and he found rather a difficulty in realising how it 
could be absolutely determined that gas was injurious to bookbinding. He might 
say in passing that he was also not interested in gas. In existing conditions, gas 
as distributed had to be purified to a very high degree, and the bulk of the sulphur 
had to be taken out of it. On the other hand coal, as it was now burned all through 
the large cities, contained i per cent, and more of sulphur, all of which went into the 
air. The amount of sulphuric acid which went into the air from coal must be 
millions of times greater than that which went into the air from coal gas, and he 
could not help feeling that the acid trouble was not a gas trouble but a coal trouble.. 
In a way, the man who was using electric light and who was buying it from a com¬ 
pany generating from coal, was responsible for putting more sulphur into the air 
than was the man who lit his library with gas. He gathered that Mr. Chivers did 
not submit that dyes injured leather, but rather that it was the method of dyeing 
which injured the leather; it was not the dye itself but it was the method of apply¬ 
ing the dye. 

. Mr. Pacy said he took it that Mr. Chivers practically recommended the scrapping 
of all specifications. If so, he thoroughly agreed with him, because all of them 
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varied, and they laid down conditions in regard to which it was impossible ior the 
binder to exercise his discretion. He was not referring to the Royal Society of 
Arts specification. His experience bore out what Mr. Chi vers had stated, namely, 
that until people ceased to light libraries by gas the books would perish in enormous 
quantities. 

Mr. Chivers said with regard to specifications, he hoped he liatl sliown that it 
was absolutely impossible to draw up a specification for the instruction of a book¬ 
binder. One of the largest municipal libraries sent out a specification which was 
absolutely impossible to fulfil. One condition in it was that a split best English 
black board must be used. Nobody ever split a best English black board. It was 
impossible to do it; but one had to do it if one wanted to get an order from that 
particular library. There were other similar points in that particular specification. 
If one were to do what that specification laid down the books would be absolutely 
spoilt. When he had pointed those matters out to the particular librarian concerned 
he had been told that he was a man of sense and that he would not be asked to do 
anything impossible. 

A vote of thanks to Mr. Chivers for his lecture terminated the meeting. 


MEETINGS OF THE SOCIETY. 


Ordinary Meetings. 

Wednesday evenings, at S o’clock (unless otherwise announced) :— 

November 11.—At 8.30 p.m.— Sir Cecil Harcourt-Smith, C.V.O., LL.D., late 
Director and Secretary of the Victoria and Albert Museum, “ The Modern Note in 
Industrial Art.’* (Trueman Wood Lecture.) The Right Hon. The Earl of 
Crawford and Balcarres, K.T., will preside. 

November 18.—I. C. Goodison, of H.M. Office of Works, " The Furniture of 
Hampton Court and other Royal Palaces.” H. Avray Tipping, F.S.A., will preside. 

November 25.— David Greenhill, General Manager, The Sun Engraving 
Company, Ltd., ” Colour Printing.” Sir Ernest Hoddkr*Williams, C.V.O., 
will preside. 

December 2.-^ -Lieut.-Colonel Sir Alan H. Burgoyne, M.P., A.M.Irist.A.E., 
” The Future of the Motor Car.” Colonel Sir Thomas A. Polson, K.B.E., 
C.M.G., M.P., will preside. 

December 9.—At 4.30 p.m.—(Joint Meeting of the Indian and Dominions and 
Colonies Sections.)—A paper on ” The Imperial College of Tropical Agriculture,” by 
H. Martin Leake, M.A., Sc.D., F.L.S., Director of the College, will, in the absence 
of the Author, be read by Arthur William Hill, Sc.D., F.R.S., Director, Royal 
Botanic Gardens, Kew. The Rt. Hon. L. S. Amery, M.P., Secretary of State for 
the Colonies, will preside. 


Indian Section. 

Friday, November 20, at 4.30 p.m.:— 

Professor Edward Percy Stebbing, M.A., F.L.S., Professor of Forestry, 
University of Edinburgh, ” Recent Progress in Indian Forest^.” Lt.-CoLONEL 
Sir David Prain, C.M.G., C.I.E., M.H., LL.D., F.R.S., will preside. 
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Dominions and Colonies Section. 

Tuesday, November 24th, at 4.30 p.ni. 

Mrs. Julia Henshaw, F.R.G.S., C.de G., Director of National Parks Association, 
Canada, “ The Canadian National Parks.** The lecture will be fully illustrated 
with slides painted by the author. (Dr. Mann Lecture.) 


PAPERS TO BE READ AFTER CHRISTMAS. 

Dates to be hereafter announced :— 

Professor John McLean Thompson, D.Sc., F.R.S.E., Professor of Botany, 
University of Liverpool, “ Some General Problems of Fruit Preservation.” 
(Aldred Lecture.) 

James Edward Taylor, M.I.E.E., Superintending Engineer, Post Office 
Telegraphs, etc.. South Midland District, ” The Propagation of Electric WaveS.” 

H. Houlston Morgan, Ph.D., B.Sc., F.C.S., President, Oil and Colour Chemists* 
Association, ” Problems in Paint and Varnish Technology.'* 

C. F. Elwell, B.A., ” Progress in Radiotelegraphy : A Survey of Accomplishment 
and Possibilities of Future Development.” 

Sir Edward John Russell, O.B.E., D.Sc., F.R.S., Director, Rothamsted 
Experimental Station, ” Investigations in Agricultural Science at Rothamsted.** 
The Right Hon. Lord Clinton, Chairman, Lawes Agricultural Trust, will preside. 

Mrs. Mary Fishenden, Fuel Research Board, ” Domestic Heating.” 

Professor J. C. Drummond, D.Sc., F.I.C., Professor of Bio-Chemistry, University 
College, London, ” Modern Views of Vitamins.” 

Sir Alfred Ewing, K.C.B., LL.D., D.Sc., F.R.S., Principal of the University of 
Edinburgh. (William Sturgeon Lecture, under the Dr. Mann Trust.) 

Percy Dunsheath, O.B.E., M.A., B.Sc., M.I.E.E., ” Science in the Cable 
Industry.** 

James Paterson (of Messrs. Carter Paterson & Co., Ltd.), ” Horse Traction and 
Motor Traction.” 

Colonel W. M. Coldstream, R.E., C.I.E., ” Indian Maps and Surveys.** 

Lady Chatterjee, ” Women and Children in Indian Industries.'* 

Herbert Baker, A.R.A., F.R.f.B.A., ” The New Delhi.” 

Sir Richard Redmayne, K.C.B., M.T.M.E., F.G.S.,/* The Work of the Imperial 
Institute.” (Joint Meeting of Indian and Dominions and Colonies Sections.) 

Sir Michael F. O’Dwyer, G.C.I.E., K.C.S.I., ” Religions and Races in the 
I'unjab.” (Sir George Bird wood Memorial Lecture.) 


Indian Section. 

Friday afternoons, at 4.30 o’clock. 

January 22nd, February 19th, March 19th, April i6th. May 14th. 


Dominions and Colonies Section. 

Thursday afternoons, at 4.30 o’clock. 

February 4th, March 4th, May 6th. 
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Cantor Lectures. 

Monday evenings, at 8 o'clock. 

R. Lessing, Ph.D., F.C.S., M.I.Chcm.E., “ Coal Ash and Clean Coal." Three 
Lectures. November 23, 30, and December 7. 

H. P. Shapland, A.R.I.H.A., late Editor of the Cabinetmaker , " Ornament in 
Furniture." Three Lectures. January 18, 25 and February i. 

G. W. C. Kaye, O.R.E., D.Sc., Superintendent. Physics Department, National 
Physical Laboratory, " The Production and Measurement of High Vacua." Three 
Lectures. February 15, 22, and March i. 

W. F. Higgins, National Physical Laboratoy, " Thermometry." Two I-ectures. 
Charles Reed Peers, C.B.E., M.A.. Director S.A., Chief Inspector of Ancient 
Monuments, H.M. Office of Works, " Ornament in Britain." Three Lectures. 
April 19, 26, and May 3. 


MEETINGS OF OTHER SOCIETIES 
DURING THE ENSUING WEEK. 

MdNPAY, November 9. .Geographical Society, 135, New 
Bond Street, W. 8.30 p.m. Dr. Knud Rasmussen, 
" Prom Greenland to the Pacific,.** 

Surveyors* Institution, 12, Great George Street, S.W. 

8 p.m. Mr. J. D. Walli^ Presidential Address. 
Klcctriral Engineers, Institution of (Informal Meeting), 
Savoy Plac,e, Victoria Embankment, W.C. 7 p.m. 
Mr. E. S. Ritter, “ Modem Developments of Telephone 
Cables.** 

(N.E. Centre), Annstwmg College, Newcastle-on* 
Tyne. 7 p.m. Mr. 1*. Dunsheath, “Dielectric 
Problems in High Voltage Cables.** 

Metals, Institute of (Scottish Section), 39, Klmbank 
Crcs<'cnt^ Glasgow. 7.30 p.m. Dr, J. Cranston, 
“ The Binding Forces between Atoms.’* 

Mechanical Engineers, Institution of. Storey’s Gate, 
S.W. 6 p.m. Mr. E. B. Ball, “ Some Engineering 
Features in connexion wth Irrigation in South Africa.” 
Automobile Engineers, Institution of, at Chamlicr of 
Commerce, Birmingham. 7 p.m. Captain K. K. 
Hubbard, “ The Requirements of the Military Motor 
Vehicle.** 

Brewing, Institute of, at Engineers* C'lub, 39, Coventry 
Street, W. 7.30 p.m. Mr, James Auld, “ Raising 
Beer by Air Pressure.” 

East India Association, Caxton Hall, Westminster, 
S.W. 3.30 p.m. Mr. R. K. Sorabji, “ The Warp 
and the Woof of the Fabric of Indian Life.’* 
University of London, King’s College, Strand, W.C. 
5.20 p.m. Baron A. F. Meyendoifi, “ Tlie Russian 
Church, Past and Present.” (Lecture II.) 

5.30 p.m. Rev. C. F. Rogers, “ Kcc'lcsiastical 
Music.” 

3.30 p.m. (Swinev Lecture.) Dr. W. T. Gordon, 
“ Geology and Civilisation.” (Lecture I.) 

6 p.m. H. W. Steed, “ Central Europe and the 
Wai." (Lecture. I.) 

At University College, Gower Street. W.C. 5.30 p.m. 
Professor E. Vermeil, “ French Democraev and 
German Democracy.” (In French.) 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Dr. O. Vocadlo, “ From Bohemia 
to Crechwlovakia.” (Lecture I.) 

Tuesday November io.. Marine Engineers, Institute i>f, 
85, The Minorles, E. 6.30 p.m. Mr. E. F. Spanner, 
“ Construction of Ships: a Proposed Method of 
Minimising Risks due to Collision.” 

Petroleum Technologists, Institution of, at the Royal 
Society of Arts, Adelohi, W.C. 5.30 p.m. Ing. 
Leo Steinschnelder, "The Principles of the High 
Vacuum Disti^tion of Mineral Oils”; Dr. W. R. 
Onnandy and Mr. E. C. Craven, *' The Determination 
of Unsaturateds in Petroleum Spirit” and “The 
Determination of Molecular Weight of Petrol.” 


Autonmbilc linginwrs. Institution of, at Broadgate 
Cafe, Coventry, 7.30 p.m. Captain R. K. Hubbard, 
“ The R(‘quiremcnts of the Military Motor Vehicle.” 
Anthrnpologual Institute 32, Upper Bedford Place, 
W.C. 8.15 p.m. Mr. j'. P. T. Bim hcll, " The 
Shell Mound Indu'itry of Denmark as represented 
at L(»wer Halstow, Kent.” 

Electrical Engineers, Institution of (N. Midland Centre). 
Hotel Metropolc, King Street, Leeds. 7 p.m. Mr. 
S. Derwen J ones, Chairman’s Address. 

(Scottish Centre), Technical College, Glasgow. 7.3<i 
p.m. Dr. M. Maclean, Chairman’s Address. 
Aeronautical Engineers, Institution of, 39, Victoria 
Street, S.W. 6.30 p.m. ” Practical Flying.” 
University of London, Ibiiverslty College, Gower Street, 
W.C. 5.30 p.m. Lieut.-Col. H. F. Strange, “ Far 
Eastern Art.” 

At the Institute of Historical Research, Malet Street, 
W.C. 3.30 p.m. Sir Bernard Pares, “ Hi.stor>’ 
of Russia l)efore Peter the Great.” (Lecture V.) 

At King’s College, Strand, W.t'. 3.30 p.m. Miss 
Hilda D. Oakley, “ The Philosophy of .\ristotlp.” 
(Lecture II.) 


WEDNE.snAV, NovtMBF.R ii..Civil Engineers, Institution 
of, Great George Street, S.W. 6 p.m. (Informal 
Meeting.) Sir Owen Williams, “ The Relative 
Economy of Different Classes of Concrete for Re- 
infi)rced Concrete Work.” 


Stnictural Engineers, Institution of (Lancashire and 
Cheshire Branch), Dr. E. S. Andrews, “ A Critical 
Study of Regulations Governing the Design of Steel 
Framed Buildings.” 


Electrical Engineers, Institution of, The Universitv, 
Birmingham. 7 p.m. Mr. W. R. Barclay, “ The 
Development of Allovs of Nickel and Chromium for 
High Temperature Work and Electrical Resistance 
Heating.” 


Roval .Academy of .\rts, Builinglon House, Piccadilly, 
W. I p.m. Dr. P. Laurie, “ The Theory of 
Colour and its .Application to Painting.” (Lecture I.) 
Universitv of London, Universitv College, Gower 
Street, ’ W.C. 3 p.m. Prof. E. Gardner, “ The 
Purgatorio.” (Lectiire IV.) 

3.30 p.m. Prof. P. Gcvl, “ Dutch Colonial Policy 

since 1816.” (Lecture II.) ^ , 

5.30 p.m. Prof. G. Elliot Smith, “ The Fvolution 
of Man.” 


5.3f» n.ui. Prof. ?. G. RoborUon, “ Swedish Literature 
in the Eighteenth Century.” 

3.30 p.m. Dr. E. A. Baker, “ Methods of Reading.” 
‘(.At the School of Orieutal Studies, Finsbury Circus, 
E.C.) s p.m. Prof. H. H. Dadwell, “ The Relation 
of Civil and Military Powei% at Madras in the i8th 


At King’s College Strand, W.C. 3 30 p.ni. M 
Paul Fort, ** Paris ^ntimental.” (in French). 
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At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.iiL N. B. Jopson, “ Early Slavonic 
History.” (Lecture V.) 

Meteorol^ical Society, 49t Cromwell Road, S.W. 
5 p.m. Dr. C. G. Abbot, ” Measuring the Sun’s 
Rays.” 


W.C. 3.30 p.m. Prince D. S. Mirsky, ” Russian 
Literature sinM Chekhov.” (Lecture VI.) 

At King's CoUege, Strand, W.C. 5 pm. Dr. C. 
Da Fano, ” Histolc^y of Nerve Tissues and Paths of 
Conduction in the Cenfral Nervous System.” 
(Lecture VI.) 


Thursday, November x2. .Electrical E^ineers, Institu¬ 
tion of (I.ocal Centre), University College, Dundee. 

7,30 p.m. Mr. 1 . Sclar, ” A Comparison of Electrical 
Wiring Installations and Analysis of their Costs.'” 
(Irish Centre), Trinity College, Dublin. 7.45 p.m. 
Mr. G. G. SutcliHe, ” Underground Telephone Con¬ 
struction.” 

Mechanical Engineers, Institution of (South Wales 
Branch), at the South Wales Institute of Engineers, 
Car^. 6 p.m. Eng.-Com. W. H. Reynolds, 
Chairman's Address. 

Royal Society, Burlington House, Piccadilly, W. 4.30 


Metals, Institute of, at the Royal School of Mines, South 
Kensington, S.W. 7.30 p.m. Dr. Hutton and Dr. 
Hudson, ” lienee and Industry: Some Impressions 
from the Early Experiences of the British Non-Ferrous 
Metals Association.” 

London County Council, at the Gefirye Museum, Kings- 
land Road, E. 7.30 p.m. Mr. A. L. Howard, 
*' Furniture Timber of India Burma.” 

Child Study Society, 90, Buckingham Palace Road. 
S.W. 6 p.m. Mr. M. Ycarsley, ” The Development 
of Speech in the Normal Child.” 

Central Asian Society, at the Royal United Service, 
Whitehall, S.W. 5 p.m. Lieut.-Col. W. G. Grey, 
” Recent Persian History.” 

Oil and Colour Chemists' Association, 8, St. Martin's 
Plac^ W.C. (i) Dr. Tripp, ” Chevrcul: the Chemist, 
the Philosopher, the Man.” (2) Mr. K. F. Figg, 
“ Exposure Tests on Water Line Paints.” 
Aeronautical Society, 7, Albemarle Street, W. 5.30 
p.m. Mr. H. B. Howard, ” Some Problems in 
Aeroplane Structural Design.” 

Royal Academy of Arts, Burlington House, Piccadilly, 
W. 4 p.m. Dr. A. P. Laurie, ” Early Methods 
of Oil Painting.” 

Optical Society, at The Imperial CoUege of Science and 
Technology, South Kensington, S.W. 7.30 p.m. 
Mr. S. A. Emerson, "Some recent Improvements in 
Modem Ophthalmic Lenses.” Mr. W. Swaine, " Rela¬ 
tion of Visual Acuity and Accommodation to 
Ametropia.” Mr. E. F. Finchain. " Irregular 
Astigmatism of the Eyc-Eflect of Size of Pupil.” 
Mr. H. H. Emsley, " Irregular .Astigmatism of the 
Eye-Effect of Correcting lenses.” 

Historical Society, 22, RusseU Square, W.C. 5 p.m. 
Miss L. M. Penson," The Making of a Crown Colony— 
British Guiana, 1803-1833.” 

University of London, Universitv College, Gower 
Street, W.C. 5.30 p.m. Majoi^General Sir George 
Aston, " The Study of War." 

5.30 p.m. Dr. Camillo Pellizzi, ” Idealist! Scnsistl 
sulla fine del Scttec.ento.” (In Italian.) 

5.15 p.m. Prof, de Montmorency, “ Comparative 
Law.” (Lecture IV.l 

At King's College Strand, W.C. 5.15 p.m. Rev. 
N. Sykes, " The Social and Political Ideas of some 
Great Thinkers of the Sixteenth and Seventeenth 
Centuries—Lecture IV.: Richard Hooker.” 

^.30 p.m. Mr. E. Prestage. ” The Role of Diplomacy 
in the Struggle between the Portuguese and Dutch 
for Brazil (X641-166X)." 

At King's College, Strand, W.C. 3*30 p.m. Sir 
Arthur Newsholme, ” The Community and Social 
Hygiene.” 


University of London, at Bedford CoUege, Regent's 
Park, N.W. 3 <xs P-ni- C. Collins Baker, ” Italian 
Painting : its PlacM to Art.*' 

A( Birkbeck College, Fetter Lane, E.C. 3.30 p.m. 
Sir Hjsory Slesser, "Trade Union Law.” (Lecture 

At the Institute of Histocicil] Reseazoh, Malet Street, 


Friday, November 13..London Society, at the Royal 
Society of Arts, John Street, AdelphL W.C. 3 p.m. 
Sir Frank Baines "The History and Preservation 
of Westminster ITall.” 

Engineering Inspection, Institution of, at the Royal 
Society of Arts, John Street, Adelphl, W.C. 

7.30 p.m. Mr. W. H. Hatfield, " Modem Develop¬ 
ments in Steels Resistant to Corrosion.” 

Mechanical Engineers, Institution of (Yorkshire Branch) 
at the Philosophical Hall, Park Row, Leeds. 7.30 
p.m. Sir Henry Fowler, Repetition of the Thomaa 
Hawksley Lecture by Sir John Aspinall, " Some 
Railway Notes, Old and New.” 

Metals. Institute of (Ixx^l Section), University College, 
Singleton Park, Swansea. 7.13 p.m. Mr. L. B. 
Pfeil, " Effect of Qrystal Size on the Mechanical 
Properties of Metals.” 

Astronomical Society, Burlington House, Piccadilly, 
W. 3 p.m. 

Metals, Institute of (Local Section), the University, 
St. George's Square, Sheffield. 7.30 p.m. S. Field, 
" Recent Advances in Electro-Deposition.” 

Royal Academy of Arts, Burlington House, Pic^dilly, 
W. 4 p.m. Dr. A. P. Laurie, " Painting Media: 
Oils, Varnishes and Tempera.” 

University of London, University College, Gower Street, 
W.C. 8 p.m. Prof. G. D. Hicks, " Contemporary 
English Philosophy.” (Lecture 11 .) 

5.30 p.m. Prof. E. Vermeil, " Intellectual Relations 
between France and Germany.” (In French.) 

At King's College, Strand, W.C. (Swiney Lecture.) 

5.30 p.m. Dr. W. T. Gordon, " Geology and Civilisa¬ 
tion.'' (Lecture II.) 

At the Institute of Historical Research, Malet Street, 
W.C. 5.30 p.m. Dr. R. W. Seton-Watson, " Serbia 
and the Jugo Slavs.” (Lecture V.) 

Physical Society, Imperial CoUege of Science, South 
Kensington, S.W. 5 p.m. (i) Mr. T. G. Ho^kinson 
" Valve Maintained Tuning Forks without Con¬ 
densers.” (2) Me4»rs. R. G. Edwards and B. Worswick, 
" The Viscosity of Ammonia Gas.” (3) Dr. C. Chree, 
"The Times of Sudden Commencements (S.C.'s) 
of Magnetic Storms: Observations and Theory.” 
Demonstration of the Kinetic Properties of a (!ras 
Jet by Dr. J. S. G. Thomas. 

Malacologiczd Society, Burlington House, Piccadillv 
W. 6 p.m. (i) Mr. W. A. Lindholm, "On a 
Neglect^ Work Containing Tvpffications of MoUuscan 
and Brachiopodan Genera.” ' (2) Mr. Edwin Ashby, 
" The Acanthoid Chitons of New Zealand with 
Descriptions and Figures, including several New 
Species and Photographs of previously unfigui^ 
Types." (3) Mr. A. W. B. Powell, " Description 
of two -new Gastropods from Whangaroa, New 
Zealand.” (4) Messrs. A. S. Kennard and B.B. 
Woodward, " Nomenclatorial Notes Relative to 
British Non-Marine Mollusca.—IV.’ (3) Rev. E. G. 
Aldrrson, "The AmptUlaria swainsoni of PhUippi. 
Hanley and Reeve.’* Exhibits: lUustratlons and 
photo^pbs, taken from the type specimen in the 
Senckenberg Museum, of Palaina mimbilis MUdff. 
By Mr. B. B. Woodward. Specimens of ^eUs and 
Radube illustrating a new MoUuscan FamOy and 
Genera. By Mr. J. R. Le B. Tomlin, and 
Lt.-C^l. A. J. Peile. 

.Saturday, November 14. .Transport Institute (N. 
Eastern Section), Town HalL Newcastle-on-Tyne. 
3 p.m. Mr. C. J. AUen," Britiu Main Line Passenger 
Train Services, their Characteristics and Possibilities.' 
London County Council, at the Homiiaan Museum, 
Forest Hill S.E. 3.30 p.m. Mr. R. A. Smith, 
" Aspects of Roman London.” (LecturelJI.) 



JOURNAL OF THE 
ROYAL SOCIETY OF ARTS 

No. 3808. VOL. LXXIIl. 


FRIDAY NOVEMBER, 13th, 1925. 


All communications for the Society should be addressed to the Secretary, John Street 

Adelphi, VfT.C. (2.) 

NOTICES. 


NEXT WEEK. 

Wednesday, November nth, at 8 p.m. (Ordinary Meeting.) Ingleson 
C. Goodison, The Furniture of Hampton Court and other Royal Palaces.” 
H. Avray Tipping, F.S.A., will preside. 

The paper will be fully illustrated with lantern slides. 


FIRST ORDINARY MEETING. 

Wednesday, November 4th, 1925. Sir Thomas H. Holland, K.C.S.I., 
K.C.I.E., D.Sc,, LL.D., F.R.S., Chairman of the Council, in the chair. 

The following candidates were proposed for election as Fellows of the 
Society:— 

Allely, William S., Yardley, Birmingham. 

Bancroft, Joseph, Wilmington, Delaware, U.S.A. 

Bannister, Horace William, Liverpool. 

Bell, A. B., Glasgow. 

Biswas, J. K., Cuttack, Orissa, India. 

Bowen, Miss Anna C., Batavia, New York, U.S.A. 

Chatterjec, Baidya Nath, M.A., Calcutta, India. 

Chettiar, S. RM. Chockalingam, Trichinopoly, India. 

Cooper, John Ashton Jeffree, Ilford, Essex. 

Croucher, Thomas G., Loughborough. 

Cumberworth, The Revd. Charles John, D.Litt., B.D., Halifax. 

Ditson, Jesse, Littleton, Colorado, U.S.A. 

Elliott, Arthur F., Prescot, Lancs. 

Ellis, George Reginald, Hitchin, Herts. 

Emra, Frederic Harcourt, Ottawa, Canada. 

Evans, Ernest John, Calcutta, India. 

Farmer, Charles, Nottingham. 

Fortune, Allan, Keighley. Yorks. 

Frobisher, Charles, Prescot, Lancs. 
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Griffith, Wellington John, Junr., London. 

Gumett, Qyde Upton Brougham, Sydney, Australia. 

Hasan, Syed Amir, Benares, U.P., India. 

Hessling, Frederick, Bombay, India. 

Hickton, £. B., Crewe. 

Joshi, G. S., M.A., LL.B., Bhopal, Central India. 

Kriplani, Choith R., London. 

Lane, Reginald Willington, Loughtoii, Essex. 

McDonald, Colonel George Frederic Handel, O.B.E., T.D., Hornchurch, Essex. 
Mordey, William, Llantamam, Newport, Mon. 

Mukherjee, Dr. H. N., Calcutta, India. 

Munn, W. Faitoute, East Orange, N.J., U.S.A. 

Nathan, S. V., B.A., London. 

Owen, Frank, East Grinstead, Sussex. 

Parkhurst, J. Wyndham, Crawley, Sussex. 

Picado, Ramon M., Costa Rica, Central America. 

POcock, Hugh Shellshear, London. 

Price, Norman I., Sydney, Australia. 

Printer, D. H., Bombay, India. 

Rangin, Kandhar Singh, B.A., JuUundur, Punjab, India. 

Roberts, Edward William, London. 

Rumney, Howard, London. 

Sastry, Kuppa Subbanna, Ellore, Madras, India. 

Siedle, Frederick Julian, Colombo, Ceylon, 

Stedham, Miss Nellie, Southsea, Hants. 

Sylvain, Charles E. B., Rio de Janeiro, Brazil. 

Tatham-Thompson, Douglas Argyll, Guildford, Surrey. 

Tidwell, Professor J. B., M.A., D.D., LL.D., Waco, Texas, U.S.A. 

Townsend, Walter, Hull, Yorks. 

Vallet, Cyril Edward Franklin, Addlestone, Surrey. 

Vardy, Mrs. Lucia, Whitwood, Normanton. 

Warwick, George Withrow, Algeciras, Spain. 

Wei, E. Fah, Peking, China. 

White, Frank Byron, Wokingham, Berks. 

Wisdom, Brig.-General Evan Alex. C.B., C.M.G., D.S.O., British New Guinea. 
Zutshi, M. N., B.A., Pilane, Jaipur, India. 

The Chairman's address on ''The Organisation of Scientific Research 
throughout the Empire " will be published in the next number of the Journal. 


DOMINIONS AND COLONIES SECTION. 

A meeting of the Dominions and Colonies Section Committee was held on 
Tuesday, October 27th. Present:—Sir Humphrey Leggett, R.E.i D.S.O. 
(m the chair); Sir Thomas H. Holland, K.C.S.I., K.C.LE., D.Sc., LL.D., 
F.R.S. (Chaiman of the Council); Sir Charles H. Bedford, LL.D., D.Sc.j 
Mr. Byron Brenan, C.M.G.; Hon. Sir JohnCockbutn, K.C.M.G.; Mr. Edward 
Dent. M.A.; Colonel W. H. Franklin, C.B.E., D.S.O.; Major H. Blake Taylor, 
C.B.E.; and Mr. George Wilson, C.B., with Mr. G. K. Menzies, M.A. (Secretary 
ef the Society). 
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REPRINT OF CANTOR LECTURES. 

The Cantor Lectures on " Radiological Research—A History/' by V. E. 
Pullini Director, Radiological Research Department, Woolwich, have been 
reprinted from the Journal, and the pamphlet (price 2s.) can be obtained 
frota the Secretary, Royal Society of Arts, John Street, Adelphi, W.C. 

A full list of the lectures which have been published separately and are still 
on sale, can also be obtained on application. 


ORCHID CULTIVATION.* 

By Sir Jeremiah Colman, Bt., M.A., J.P., D.L., V.M.H., 
Chairman R.H.S: Orchid Committee. 

Whilst disclaiming the expert knowledge of a "grower," yet, as a 
looker-on for upwards of thirty-five years, dating back to a time when Sir 
Trevor Lawrence specialized in species and rare genera and when the late 
Baron Schroder acquired priceless gems of the Orchid world, I may have 
^me justification for expressing views on cultivation of Orchids. I have 
been an importer of plants in small quantity, especially in directions where 
the trade finds it unremunerative, and have raised in my collection more than 
one thousand distinct crosses ; which, presuming only an average of twenty 
or twenty-five to a family, represents twenty or twenty-five thousand 
hybrids brought to maturity, many of them very difficult subjects to deal with, 
as crosses have been made with a view to distinct variation and for experiment. 
I have raised hybrids, one parent of which is accustomed to be wet and cool ail 
the 3^ar round, while the other is a native of a hot and " dry " country, where 
its thirst is satisfied by an excessive bout of drinking for a few weeks in the 
year. I doubt whether the offspring knows what its requirements may be. 

I suppose no collection, when species and hybrids are taken together, has 
greater variety than mine at Gatton Park. 

Orchid-growing is no exception to the rule that there is a catch somewhere. 
However carefully expert methods may be observed, success will not follow 
without the human touch, and the constant and intelligent observation which 
alone leads to success. The talented grower will require that indescribable 
i;ift knovm as instinct. The owner of a collection, as weU as the grower, 
should instinctively know on entering his houses whether temperatures are 
correct, and prevailing atmospheric conditions, particularly in respect.to 
humidity and purity, are suited to the needs of the plants; and 
their surroundings congenial or the reverse. The qualifications required 
are not dissimilar from those of a nurse watching a patient: any change in 
the condition should be promptly noted and reported for special attention. 

■ » Abftractcd and condented from an arUds pubUihed to the Journal of the Royal HocUculta im l Society. 
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No hard-and-fast lines can be laid down. The problem is a very difBicult one, 
specially in the case of the many Orchids which require resting periods, since 
in their case it is natural for them to appear ** of! colour during such periods, 
and it would be fatal to mistake this normal condition for ill-health. 

Unless some particular grower has the secret, no " food has yet been 
discovered which can be used in growing a general collection of Orchids 
without serious prejudice to the pkmts. Experiments have been made by 
scientists, but the results were disastrous ; and therefore " feeding " is not 
to be recommended, except for the purposes of experiment, and in the case 
of a few genera which ar^ the better for it. But I have a conviction that 
some “ food ** should be found which will prove advantageous, and that the 
day will come when chemists will supply us with a non-injurious prescription. 
It appears to me that the logic of the situation clearly points to this. 
Orchids, just as is the case with other plants, deprive the compost in which 
they are growing of certain constituents which are essential to their well¬ 
being. In the case of other plants these can be restored by suitable fertilizers. 
It is recognized that Orchids have similar requirements, but the only acknow¬ 
ledged way of meeting these requirements is to give them fresh compost, 
either by a top dressing or repotting, a process often disturbing to the seedling 
or plant. Hence I am sanguine enough to believe that a day will come when 
an appropriate food will be found which can be given to Orchids in a 
way similar to that in which other plants receive stimulants. 

One thing is certain, plants must have no coddling.'' A plant can be 
killed with kindness and attention, and it may be for its good to be forgotten 
altogether for a period. In my greenhouses, as a last resort in the case of 
Odontoglossums, the bulbs are taken away from the pot and suspended with 
bass to the rafters in the potting shed and there left to work out their own 
salvation. A considerable proportion of such plants ultimately make a growth 
and are re-established. 

Those who are forming a collection, or thinking of growing a few plants 
only, would be weU advised to consider carefully the facilities which they may 
have for growing Orchids, and the special abilities of their gardener, so as to 
make a selection likely to grolw under prevailing surroundings, as it is inviting 
disappointment, and is not fair to a gardener, to attempt the impossible. 
Gardeners are human and Orchids are capricious; and a gardener, even an 
expert grower, may succeed well with one family and fail altogether 
with another; selection should therefore be made with due regard to his 
powers. Few realize when inspecting an important group of Orchids how many 
families are represented, each requiring widely different treatment and con¬ 
ditions of culture. In fact, at our great shows, a group of Orchids may represent 
a diversity of requirements approaching those necessary for the production 
of the rest of the plants in the show. Many lovers of horticulture attend 
these shows and make a selection from the various groups. In making a selec*^ 
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tion of, say, begonias or sweet peas, the question of culture need not be con¬ 
sidered, because each will flourish under treatment required for the class. Not 
so when one comes to the selection from an Orchid group. I have heard of 
purchasers selecting half a dozen from a group, each one of which required 
placing in a different house—^with perhaps two greenhouses at the most for 
their unfortunate gardener to attempt to grow them in ; nothing but disaster 
and disappointment can follow. Whereas, if they start by satisfying themselves 
as to what conditions prevail in their greenhouses, the attendant in charge of 
the group could at once tell them what they might reasonably attempt to grow. 
There is not the least difficulty in making a selection from some of the most 
beautiful Orchids in cultivation of plants which can be quite easily grown, and 
which are quite reasonable in price. 

Another point worth bearing in mind is that if a specimen plant is purcha^d 
in perfect health no improvement can be looked for. It is almost inevitable 
that it will go back rather than forward. Beginners should on no account 
purchase plants out of health. But, on the other hand, if the plant is in a 
condition which gives room for improvement, the owner is much more likely to 
iSnd satisfaction in the results than if he hxxys a plant in perfect health, heavily 
flowered, which in all probability, even if it remained in its old surroundings, 
would in twelve months* time have deteriorated. 

The attempt to grow the difficult subjects is much better left to a later stage 
when experience has been gained. 

Of easy plants to grow, on which a start might be made, are Cymbidiums, 
amongst the most beautiful of Orchids, with graceful sprays of flowers lasting 
in perfection for many weeks, and which may even be grown in a house with 
a northern aspect; Cypripediums, which have the gift of withstanding fog and 
smoke, and the flower of which is also long lasting in perfection ; and the 
beautiful and cool-growing Odontoglossums. 

Those contemplating growing Orchids should not be put off by the common 
fallacy that they are difficult to grow and expensive to acquire. If suitable 
choice is made, they can be purchased so cheaply that the cost is not worth 
consideration, and many of the most beautiful are as easily grown as any 
greenhouse plant. 

I have so far avoided technicalities of cultivation which are readily 
available, but now that I turn to the advanced, or scientific, side of 
Orchid culture, no such restriction is called for, growers having had but limited 
opportunity for initiation into its intricacies, or of realizing how intensely 
fascinating it may become, and how vast' are the possibilities open for future 
research and experiment. There may be included in scientific methods of 
Orchid culture, hybridization, pure culture, artificial and experimental lighting, 
electric stimulation, and—may I add?—feeding. 

. On what slender threads hang our interests in life 1 When it occurred to a 
gemvs to make the rather obvious experiment of transferring the tiny pollen 
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mass from one flower and placing it on the stigma of another, who anticipated 
that it would lead to results destined to revolutionize orchidobgy ?—^that 
it sounded the death-knell of the travelling collector : that Orchid-collecting, 
as known in the past, would cease to be a profitable proposition, and that 
importing houses would as a consequence be compelled to discontinue their 
enterprise in this direction : that natural hybrids which were changing hands 
at fabulous prices wotild be surpassed by home-produced ones manufactured 
in their thousands by the instrumentality of mere man, and be offered at prices 
within the reach of every grower: that the fine and once treasured species 
which adorned our houses were doomed gradually to disappear therefrom: 
that groups would be set up containing no single specimen of a pure species, 
and that the colour of one and shape and substance of another would be so 
combined as to produce a result beyond imagination : that learned men would 
spend their time in examining and discussing the functions of the fungi essential 
to the completion of the germination of Orchid seeds : and that in place of pots 
would appear, in some greenhouses, glass tubes and flasks charged with 
mysterious solutions, on which myriads of Orchid seedlings would be seen 
growing. All this has been accomplished within a comparatively short period. 
Whither may we not be led ? 

Hybridization is not confined to our country alone. Rapid strides are being 
made on the Continent, where climatic conditions are highly favourable. 
America is taking the subject up seriously, and in far-distant Japan attention 
is being given to it. In the latter country. Orchids are favoured subjects in 
the Imperial and other gardens ; and when we find so enterprising a nobleman 
as Prince Shimadzu evidencing a keen interest in this hobby, we may be well 
assured that, with the aesthetic taste and perseverance which prevail in every¬ 
thing which the Japanese take up, many notable successes wiU be achieved. 
Climatic conditions there are especially favourable to some genera, and they 
have already raised bi-generic and other hybrids which have proved difficult 
or impossible subjects here. 

Thus when a beginner realizes what has been accomplished, and remembers 
that democratic theories do not hold good in the case of Orchids, in the raising 
of which heredity counts for something and experience shows that you must 
have noble parents if you would raise noble offepring, he may well pause before 
foUowing well-trodden routes. 

There are, however, untrodden ways open to him which may bring fame. 
Should he possess a unique plant, he should on no account fail to use it for 
hybridizing purposes, and may have reasonable hopes of producing unique 
results. 

' The remarkable results arising from the use of MiUonia yexiUaria x * Memoria 

D. Owen * as a parent is a case in point. When the stock of this plant 
realized, well over four figures on the occasion of the dispersal of the late Sir 
Fredrick Wigan^s fine collection, many thought purchaser were ihdtdging 
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in wild speculation ; but the results justified their expectation, and we have 
been given the beautiful new strain in which the claret-coloured butterfly 
mask is the feature. This genus has been further improved out of all knowledge 
by the introduction of varieties the sepals and petals of which are of a rich and 
deep-coloured rose or claret. 

Experiments can with advantage be attempted which, not being paying 
propositions, are not worth the consideration of the trade. For instance, I 
have at Gatton raised a strain of Cattleyas and Laeliocattleyas which have 
acquired a reputation and have become familiarly known as ‘ Gatton Blues.' 
Neither in size, nor in substance, nor in colour will the expert look upon them 
with favour: they fail to meet the arbitrary standard which the orchidist has 
set up ; but when they are in bloom visitors to my houses are lost in admi¬ 
ration, and if expert Orchid fanciers view them with contempt, I console m3^1f 
with the feeling that they are at least things of beauty and my very own ! I 
am hoping against hope that some day I may produce a large-flowered Brasso- 
cattleya of ‘ Gatton Blue,’ and then there will be a very different tale to tell! 
Similar results can be obtained by others with advantage to horticulture, even 
if not favoured by the Orchid world. 

Many growers find hybrids difficult subjects to raise. The absence of the 
essential fungi may prove fatal in the initial stage, otherwise no real difficulty 
presents itself. All young lives require more constant and watchful care than 
older ones, but, given attention, they will grow as freely or more freely than an 
older generation. 

There are many enemies—creeping, fl5dng, and floating—^from which 
they must be protected, and one of these may devour at a meal a whole pot 
of seedlings ; whereas if it visits an established plant its hunger would be 
satisfied by a portion of the flower or stalk, and the mischief to the seedlings is 
naturally proportionately greater than to the older plants. 

One of the most mischievous pests is a provoking, insignificant little insect, 
by name Collembola, or spring-tail, the larvae of which hollow out the little 
green seed globules, leaving an empty sheU. I have failed to discover any 
remedy for its depredations. Many injurious insects make themselves scarce 
for a time adter fumigation, or can be kept under control by the simple method 
of sponging with a disinfectant; whilst some are innocent enough to allow 
themselves to be trapped in a hollowed-out potato, or other deceptive retreat. 
Others are as cunning and illusive as a wild animal, and might tax the skill and 
patience of the big-game hunter to discover and track down. But, after all, 
we may console ourselves with the thought that a goodly number of seedlings 
survive. 

The mysteries of the essential fungus are important enough to have 
a paragraph to themselves. Scientists are not agreed as to the precise function 
which the fungus performs, or whether the fungus is in afl cases actually 
necessary, or whether a substitute may not suffice. But it is generally recognized. 
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that the seeds of certain species, e.g., Odontoglossums, will not germinate 
without the aid of the fungus essential to the species or some substitute. Seeds 
of Cattleyas, etc., can be raised apart from the parent plant, apparently without 
fungus, although some think this not free from doubt. Some houses seem 
t6 be permeated with fungus spores, and wherever the seed is sown successful 
germination follows. In others the fungus would seem to be altogether absent. 
At Gatton, after years of sowing Odontoglossum seeds without result, I was 
on the point of giving up the attempt as hopeless, When young pkints made 
their appearance, and ever since no difficulty has arisen—^although an expert 
has blithely told me that some day I shall ^d the fungus will vanish just as 
I mysteriously as it arrived! The fungus may be found in the centre of the 
yoimg roots which have entered the compost, rarely, if ever, in the awal 
roots. 

When we turn from hybridization as commonly attempted to the much more 
scientific and involved methods known as ** pure culture,” we find growers 
are not in agreement as to the measure of its advantages; some, whilst 
acknowledging that plants make more rapid progress in the early stages, think 
that those grown under normal methods catch them up in the long run, and are 
in more robust health. But in Orchid-raising a speedy and a certain start is 
half the battle, to which has to be added the very distinct advantage, especially 
in the case of pods containing only a few fertile seeds, that such good seeds as 
there are will be given the maximum chance of germination. The mortality 
tmder ordinary methods is large, from various causes, including insect pests ; 
and if a few seeds only germinate,, they will, when making their start under 
ordinary methods, be at the mercy of any such enemy with an insatiable 
appetite. It is a well-recognized law of Nature that the most complicated 
crosses and those between the most refined parents produce the minimum of 
fertile seeds. Cases have come under my observation where a pod has 
apparently contained less than half a score of fertile seeds, although it has been 
^timated that the contents of a single pod may reach half a million seeds. It 
cannot, I think, be open to question that, in the case quoted, seeds have a better 
chance under pure culture methods than under ordinary methods. The 
result of another experiment in my houses was interesting and instructive, and 
shows that uncertainties exist imder pure culture also. A sowing was made in a 
tube in which fungus had been cultivated on medium. A portion of the seed 
fell on the glass above the medium and remained dormant; a second portion 
fell on the edge of the medium ; germination apparently started, but the seed 
died, presumably as a consequence of receiving insufficient food. Yet a third 
fell in the centre and produced a green mass, presumably gorged to excess; 
whilst k fourth feU still lower, where the fungus growth appeared less strong, and 
this brought forth fine young plants. The result will suggest the Parable of 
the Sower. No douM, with greater experience, more even results should be 
: and one can but expect to find it necessary to feel one's way at the 
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outset ftt every torn. As pure culture inethods become public property end 
are better understood they will doubtless be much more largely adopted. In 
practice they are at present beset with difficulties; they require the unusual 
combination of laboratory and garden methods to secure success. Strictly 
aseptic conditions must prevail. The removal of a stopper from a container, 
if only for a few seconds, will likely enough result in the introduction of mould 
spores. .The mould will rapidly cultivate and inevitably choke the fungus 
and prove fatal. 

In respect to the effect of artificial light, the use of sunlight by refraction 
and electric treatment, few experiments have as yet been made upon Orchids, 
and to a limited extent only upon plants generally. This leaves a wide and 
virgin field open, which might be very profitably explored by anyone with a 
knowledge of electricity and optics. Experiments in the nature of the applica¬ 
tion of artificial light go to suggest that in some cases the flowering period is 
advanced and in others retarded—^more frequently the latter. No doubt 
results depend largely upon whether the sunlight which the plants are receiving 
is greater or less than they have been accustomed to in their native country 
or which they may require ; but as artificial light has an effect not injurious, 
in some cases at least, upon plant life, one would be sanguine that advantageous 
results may follow experiments which might be extended to refracted light 
from the sun’s rays. Tiiere has been a suggestion that rays from the moon 
have a special influence, and that in certain phases thereof plants make more 
rapid growth. This may sound fantastic, but is based on observation. 
Anyone with scientific knowledge and opportunity of examining the 
subject experimentally may hope to become a national benefactor. The 
value of the ultra-violet rays in relation to the health of humanity is uow 
recognized; and if data can be found in respect to the results of using artificial 
light and radiation upon Orchids, inferences may be drawn with far-reaching 
effects. Orchids suggest themselves as very ready subjects on which to 
experiment, as in their early stages, at any rate, they require so little space, ■ 
and will so speedily respond and show the results of treatment. 

Skilful and scientific methods have accomplished much. The position 
occupied by the aristocrat of floriculture is supreme and unapproachable. 
No flower approaches an Orchid for lasting qualities. In 1923 I dispatched 
plants in flower from my gardens at Gatton : they crossed the Atlantic, and 
arrived fresh enough to be set up in a group at the American International 
Show held at Boston, U.S.A. But, however much has been accomplished, the 
possibilities of the future are great and inviting. They await the interest and 
attention of those capable of undertaking and foUowing up sdentifle experi¬ 
ments, which cannot fail to be of value remote from the Orchid world. Who, 
I wonder, is destined to make history and win fame ? 
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Monday. Novbmbir i6.. Royal Academy of Arts^ 
BurUngton Houm Piocadflly. W. 4 p.m. Dr. 

A. P. Laurie. ** Modem PigiiMnts: their proper 
Selection and Use.’* 

Blectricil Engineers^ Institution ot , at the University. 
Liverpool 7 pjn. **The Engineer: His Due and 
His Duty in Uk:* 

• .Geographical Society, Lowther Lodgk Kensington 
Gore, S.W. $ pjn. Mr. Francis Rm( 4 " The Origin 
of the Tuaregs." 

Tkaosport, Institute oL at Queen’s Hotel, Birmingham* 
6 pjn. Mr. H. Koaie, ” Relations between SUte 
and Railways in Japan.’’ 

Faraday Society, Burlington House, Piccadil^ W* 
8 pA Mr. B* D. Campbdl "A Chemical Theory 
of Remanent Magnetim ’’; Messrs. L R. Partington 
and N. L. Anaiogoff," An Improved Fonn of Electric 
Vaonum Furnace",* Messrs, j. R. H. C^tte and 

B. M.Cxowther," A Source of Error in the Mechanical 
AnaM of Sediments by Continuous Welahlog’’; 

Mr. iWr^ Werner,'* A ^le Method of Obtaining 


the Size Distribution of Particles in Soils and 
Precipitates’’; Mr. 1 . A. V. Butler, "Co*otdination 
and Co-valence ’’; Messrs. F. G. Tryhom and W. F. 
Wyatt, " Adsorptitm by Charcoal * from Alcohol- 
Bmzene and Acetone-Benzene Mixtures ’’; Mr. 
F. L. Usher. " The Nature of the Interfadal Layer 
between an Aqueous and a noo-Aqueous Phase." 

University of London, at Institute of Historical Research^ 
Malet Street. W.C. 5.30 pjn. Dr. Otakar Vocadlo^ 
" From Bohemia to Czechoslovalda.’’ Lecture 11 
At King’s College, Strand. W.C. 5.30 pjn. Dr. 
W. 1 . Gordon. " Geolqiy and CivilisatKm.’’ Swiney 
Lecture III.; Rev. C. F. Rogersi "BxleslasUcal 
Music." Lecture IV.; Barou A. F. Meyendorfl, 
*' The Russian Church, Past and Present." Lecture 
III. 


Tvisday, November xy. .Royal Academy of Arti» 
BorUngtor. House, Piocadiny, W. 4 . pjpu Dr. 
A. i^uiie." M^ods of Wan Painting." 


Anthropological Inatitut^ <2, 
W.C. 8.rspjn. Dr.B.H. 
Hydetabadf Cairn Burials." 


Upper Bedford Place, 
Hunt. "ReomtWmkfn 


Autcnobile Engineers, Institutidh of, at Bnglneeri^ 
Club, Wolverhampton. 7.30 pjn. Captain R. K. 
Hubbard, " The Requirements of the l^tary Motor 
Vehicle.^ 
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CivO Englneen, Institution oL Great George Street. 
S.W. 6 pjft. Prof. W.S.DaIby,** The Mechi^ 
Piropertlei of Sted.*’ 

Electrical Bnglneen, Institution of, at the Engineers' 
Club, Albert Square^ Manchester. 7 PJn< w. P 
Dnnsheath, " Didectric . Problems in High-Voltafs 
Cables." 

Electrical Engineer^ Institution oL at Leicester. 
6.45 p.m. Mr. J. A. Alton, " Steam Pipes lor 
extra nigh Pressure and Temperature." 

Transport, Institute oL at Institution of Electrical 
Bn|riaeei& Savoy Place. W.C. ^30 p.m. Bfr. 
Cecil J. Allen, " British Main Line Passenger Train 
Services—T^ Characteristics and Posdbmties." 
University of London, at King's College Strand, W.C. 
5.30 pjiL Mias Hilda D. Oakdey, '^The Philosophy 
of Aristotle." (Lecture III.) 

At tito Institute of Historical Research, Malet Street. 
W.C. 5.30 pju Sir Bernard Pares, "History of 
Rus^ before Peter the Great." (Lecture VI.) 
Pbytidogy, London Co 11 m» 0^ 8, Taviton Street, W.C. 
liipm. Mr. H. j/Haiper^Rdb^ "Ringwona." 

WxoNuoAY, November x 8. .Statistical Society, at the 
Royal Society op Arts. 3.15 p.nL Prof. G. Udny 
Yule, "Why do we sonretimes get nonsense- 
ccmdatioos before time series ? A study in sampling 
and the nature of time series." (Presidential Add^.} 
Royal Academy of Arts, Burlingtcm House, Piccadilly, 
W. 4 pjn. Dr. A. P. Laurie, "The Section 
Stone for Building." 

Chemistry, Institute of, 30, Russdl Square, WX^v 
Annual General Meeting. 

Civil Engineers, Institution of, Grrat George Street, 

S. W. 6 p.m. Mr. JuUus Kennard, Address to 
Students. 

Electrical Bt^eers, Institution of, at Royal Victoria 
Hotd, Sheffield. 7.30 p.m. 

Entomological Society, 41, Queinsgate, S.W. 8 p.m. 
Meteorological Society, at 49, Cromwell Road, S.W. 

3 p.m. Sir Gilbert Walker, "On Correlation Co. 
effidents: their calculation and use ": Miss C. 0. 
Stevens, " Note on the- Variations in Transparency 
of the Atmosphere observed by means of a projected 
telesoopic image of the Sun "; Mr. N. L. Silvester, 
" Notes on the Behaviour of Certain Plants in relation 
to the Weather." 

Royal United Service Institution, Whitehall, S.W. 

3 p.m. Major-General Sir J. H. Davidson," Imperial 
Dnence and the Co-ordination of the Three Services." 
University of London, at University College, Gower 
Street, W.C. 3.30 p.nL Prof. G. E. Smith, " Fossil 
Blea and Apes." 

At the Institute of Historical Research, Malet Street, 
W.C. 3.30 pjn. Mr. N, B. Jopson, "Early 
Slavonic History." (Lecture VI.) 

At King's CdlleE& Strand, W.C. 3.30 p.m. M. 
Paul Fo^ " Les Temps Hmtiques du Symbolisme: 
Le Thtetre d'Art at lea Premiers Dremes de Maurice 
Maeteriinck." (In French). 

Thursday, November 19..Antiquaries, Society -of, 
BurUngton House, Piocadilly, W. 8.30 p.m. 
Chemical Society, BurUng^ House. Picoad%, W. 
8 p.m. Messis. B. C. C. Baly and R. W. Riding, 
" The Constitution of the Metauic Osonides." Messrs. 

T. M. Lowry and I. J. Faulkner," Studies of Dynamic 
Isomeclsn.'^ Part XX. Amphoteric Solvents as 
Catalysts for the Mutarotatlon of the Sugars."; 
Messrs. T. M. Lowry and G. Owem " Studies of Valency 
PartV. Absorothmpspeotn of Halogen and Sulphonlc 
Derivatives 01 Camphor. Origin of the Ketonk 
Aboocption-l>and.": Messrs. T. M. Lowry and R. R. 
-SfA " Studies of Valency. Part VI. General and 
Selective Absorption of Halogen-derivatives of 
Ifethane. Hie origin of general absorption"; 
Memts. R. G. W. Nocrish and (£ G. Jones," Studies 01 
Valeooy. Part VII. Surface Polarity and the Re 


action of Ethylene and Chlorine. The effect of the 
absorbed water layer." 

Electrical Enginoecsi Inatitutioii of. Savoy Plaoeu 
Victoria Bimsankmenti^W.C. 6 pm. Bfr. T. Carfor, 
" The Engineer—His Due and lus Duty in Life." 
Geological Society, Burlington House, Piocadilly, W. 
3.30 pjn. 

Linnean Society, Burlington Houses Piccadilly, W. 
3 P.11L 

London County Council, at the Gefifrye Museum* 
Shoreditch, E. 7-30 p.m. Mr. Ernest Law* 
" Hampton Court." 

Bfining and Metallurgy, Institution 0^ at Burlington 
House, Piccadilly, W. 3.30 p.nL 
Mechanist Engineers, InsUtutira of, at Royal Technical 
College, Glasgow. 7.30 p.m. Further discuasfon on 
" Cast Iron for Diesel Engines." (Joint Meeting with 
Scottish Section of Association of British Foundrymeo) 
At Queen's HoteL Binningham, 6.30 p.m. Mr, 
H. W. Coultas, "lome HySaulic Piohlems." 

At the Engineers' Gub, Albert Square. Manchester. 
7.X5 p.m. Col. E. Kitson Clark, " Archaeological 
Engineering." 

Royal Society, Burlington House, Piccadilly, W. 4 p jffi. 
Special General Meeting. 

Tropical Medicine and HygisMe, Royal Society of, 
Endsleigh Gardens, Euston Road, N.W. 8.13 pjn. 
Laboratory Meetiiu. Demonstratimis by Cm. A. 
Alcock, I^ A. Balfour, H. A. )^ylis. Major K. K. 
Chatterji, Drs. A. Castellan!, J. I. Duncan, Th. Joekes, 
Prof. R. T. Lieper, Drs. H. B. NewhauL H. H. -Scott, 
Lt.-Col. H. M. Perry, Drs. N. A. Dyce Sharp, Gordon 
Thomson, and C. M. Wenyer. 

University of London, at Birkbeck College, Fetter 
Lane, E.C. 3.30 p.m. Sir Henry Slesser, " Trade 
Union Law." (Lecture 11 .) 

At King’s College, Strand^ W.C. 5 p.m. Dr. C. 
Da Fano, " Histology of Nerve Tissues and Paths of 
Conduction in the Central Nervous System." 
(Lecture VII); 3.15 p.m. Miss H. M. Chew " King 
James I." 

At the Institute of Historical Research, Bfalet Street, 
W.C. 3.30 p.m. Prince D. S. Miisky, " Russian 
Literature smee Chekhov." fixture Vll.) 

At Bedford College, Regent’s Park, N.W. 3.15 p.m. 
Sir Robert Watt, " Eighteenth Century Art." 

Friday, November ao..Modcl Abattoir Society, at z, 
Wimpde Street, W. 3.30 p.m. Dr. W. J. Howarth, 
" The Slaughtering of Aniznals for Human Consump¬ 
tion." (Benjamin Ward Richardson Memorial 
Lecture). 

Medical Officers of Health, Society of, z, Upper Montague 
Street, W.C. 3 p.m. Dr. H. P. Newsholme, 
" Measles— from the jx>int of view of Public Healtn 
Admlnistratkm:" Dr. J.F. Walker, "Bfea8les»from the 
point of view of ravate Practice" Dr. E. W. 
uoodall," Measles—from the point of view of Fever 
Hospitu Practice." 

Socidtd Internationale de Phiblogie Sciences et Beauz- 
Arts, 8, Taviton Street. W.C. 8.13 pjn. Dr. B. H. 
GtifK “The Bond of Shylock." 

Mechanical Engineers, Institution of. Storey's Gate, 
St. Jamet’s Park, S.W. 6 pjn. Bfr. H. P. L. Orcutt, 
" Characteristics and Uses of Ground Gears." 
Unhersity of London, at Westfield College, Hampstead, 
N.W. 3.13 p.m. Prof. E, de SeUncourt, "The 
Art of Conversation." 

At the Institute of Historical Research, Bfalet Street, 
W.C. 3.30 p.m. Dr. R. W. Seton-Watson, " Serbia 
and the Jugo Slavs." (Lecture VI.) 

At Kizig’s College Strand, W.C. 5.30 p.iiL Dr. 
W. T 7 Gordon,^Geology and Civilisation.^’ (Swiney 
Lecture IV.) 

Saturday, November as.. London County Council, at 
the Horniman Museum, Forest HilL S.B. 3,30 pm 
Mr. G. C. Robson, " Animal Ufe in^ Deprin of the 
Sea.” 
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Bedford* Sir Gharlee problem) of food wlthepeolol 


A-Ababietton, B,., <U«e.. Irleh glass old and now, 303; 
Utttft Antfo-Indlans, 864; disc., doctrlcal equipment 
of London County Hall, 881; di«e., power of internal 
oombustlon enginM for motor cars, 600; disc., the 
development of Indian universities, 530; disc., Siam: 
its progress and possibilities. 670; disc., commercial 
aviation, 660; annual meeting, 760, 770; disc., 
Indian meteorology, 854, dice., mineral resources of 
Northern Ontario, 017; di«e., bookbinding, 1003 
Aoworth, Sir William 1C., dice., transport In tropical 
Africa, 481 

Aerial camem, new, 243 

African problems, some, paper by Hon. W. Ormsby-Qore, 
M.P.. 800; letters. Sir William Simpson, 813, B. H. 
Brackenbury, 814, O. M. Byan, 815 
Agriculture, encouragement of in Turkey, 133 
Air services, in Belgian Congo, 020; Austrian, 070 
Albert Medal (sec ** Medals “) 

Alcohol for motor fuel in the tropics, 073; Utter, A. K. 
Pamaoott, 1021 

Ali, A. Yusuf, disc., population problems from the Indian 
oensus, 426; dice., industrial progress of Mysore State, 
741 

Alloys, the inner structure of, Cemtor Lectures, by Dr. 

Walter Bosenliain, V.B.S., 1000, 1022, 1030 
Animals, humane slaughter of, 110 
Appleyard, Conmsnder B., disc., William Sturgeon and 
the centenary of the electromagnet, 710 
Argentina, manufacturing industries of, 940 
Armstrong, Professor H. E., F.R.S., dice., the teaching 
of science in secondary schools, 110; cAair, problems 
of food, with special reference to India, 136, 153; vote 
of thanks. Sir George Birdwood Memorial Lecture, 287 
Arnold, A. J., dice., Irish glass old and new, 303 
Artificial incubation, paper by Llewelyn B. Atkinson, 37,02 
Artificial silk, 246. 420 

Asia, the heart of, and the roof of the world, paper by 
Brlg.-(}en. Sir Percy Sykes, 857 
Askwlth, Lord, cAoir, Mann Juvenile Lectures, 212, 239; 

dice.,. Brittsh Empire Exhibition, 617 
Atkinson, Llewelyn B., paper, the scientific principles 
of artificial incubation, 37. 62; dice., De Forest phono- 
films, 04; silver medal awi^ed for his paper, 764 
Atmospheric conditions, modem, with special reference 
to London, paper by Dr. J. S. Owens, 434 
Atoms, the stability of, Trueman Wood Lecture, by Pro¬ 
fessor Sir B. Rutherford, F.B.S., 389 

B 

Baillie, O. H., dice., transport in tropical Africa, 478 
Baines, Sir A., dice., population problems from the Indhm 
oensnii, 427 

Baines, Sir Frank, presentation of medal to, 120; dice., 
modem atmospheric conditions, with special reference 
to London, 453; dice., trend of modem hygiene, 645; 
dice., the unemployment problem, 701 
Baker, Charles A., paper, the electrloal equipment of the 
London County Hall, 870 
Baker, T. Thome, p r e se ntation of medal to, 121 
Balfour, Dr; Andr^, paper, the trend of modem hygiene, 
688; silver medal awarded for his paper, 764 
Barrow, General Sir Edmund, dice., problems of food, 
with spe^ refetenoe to India, 160 
Baytey, Sir Charles 8., annual meeting, 760 
Bayley, 91r Bteuaii Colvin, oMfnorif, 745 
'Beatsled, Lord, edair, the Diesel engine in navIgsUon, 
* ' 888,'806 

Beaumont, W. Wotby, dice.; the motor oar: Its Mith, 
Its present and Its fntnre, 20; letter eleoMo vehielee 82 


reference to India, 156 

Belgian AmbasuMlor, H.E. the, dice., the reconsteuctlon 
of Belgian towns, 546 

Belgian towns, the reconstruction of, paper, by Emile 
Cammaerts, 538 

Bennett*, Colin, dice., the Filese-Grcene process of colour 
cinematography, 659 

Bennett, Sir Thomas Jewell, obituarp, 248 

Bootiey, Dr. C. A., dice., trend of modem hygiene, 643 

Bentley, J. C., disc., the teaching of science In secondary 
schools, 113 

Blokerton, Professor A. W., dice., tlio British' Empire 
exhibition, 019 

Blnyon, Major Basil, dice., De Forest phonofllms, 04 

Blrkenlicad, Rt. Hon. Earl of, tiise., the Diesel engine 
in navigation, 360 

Blyth, Lord, obituary, 363 

Bookbinding, paper by Cedrlb Chlvers, L077 

BOOKS, Notes on 

**Appian Way,*' The Biddle of the Earth, 1064 
** Architect.*’ Bungalows and small country houses, 1072 
Bal Krishna, Commercial Relations betwem India and 
England, 1601 to 1757, 563 
Blake, Ernest G., The Seasoning and Preservation of 
Timber, 244 

Brackett, Oliver, Thomas Chippendale: A Study of 
bis Life, Work and Influence, 96 
Brangwyn, Frank, R.A., Modern Masters of Etching. 115 
Broomel, Percy Rudolph, F.R.S.A., The History and 
Romance of Cavendish Square and its Vicinity. 684 
Brooks, Charles Franklin, Why the Weather? 1053 
Bums. C. DoHsle, A Short History of Birkbeck College 
(University of London), 430 
Burton, T. F., Reports on the Progress of Applied 
Chemistry, Vol. IX., 1924, 683 
Batcher, A. Deane, International Orthotirpe, Part II., 29 
Douglas, C.E., Rice : its cultivation and preparation, 431 
Esdaile, Katharine A., Roublliao’s Work at Trinity 
College, Cambridge, 190 

Field, Samuel, A.R.C.So. Lond. F.C.S., and Samuel 
B^bert Bouney, The Chemical Colouring of Metals 
and Allied Processes, 772 

Fmnok, Harry A.. Glimpses of Japan and Formosa, 805 
Gage, 8. H., The Microscope, 917 
Gunner, R. T., Hlstorlo Instruments for the Advance¬ 
ment of Science, 873 

Hodfleld, Sir Robert A., Bt., D.Sc.. D.Met.,F.R.S. 
F.I.G., M.InRt.C.E., Metallurgy and Its Influence 
on Modem Progress, 682 

Hanton, W. A. Mechanics of Textile BCacblnery. 778 
Hart, Ivor B., The Mechanical Inveetigations of Leonardo 
da Vlnoi, 875 

Haywaid, Charles H.. English Furniture at a Glance, 191 
Higgins, 8. H., A History of Bleaching, 548 
Holmes, S. J., Louis Pasteur, 1053 
Hopkins, G. A. J., Salesmanship, 929 
Bbustoun, Dr. B. A., A Treattse on Light, 1021; Inters 
mediate Light, 1021 . 

Howard, Albert, MJL., Crop Prodnotfcm in IndU 
605 

Humbexstone, Thomas Lloyd, Sdeiice and Labour, 460 
Jacobs, Herbert, Stevens' Elements of Meroanttte Law, 
549 

Jonbert, FeUx, FBJt. (8cot.),Catelogne of tbeOoaeetIm 
of Bmopean Arms and Armour foriBed at Gxeenoek 
by B. L. Scott, 489 * ^ 

KnediA Edmund, Pb.D., M.8o.Teoh., F.t 0 .» and Bra 
Hlbbertk M.So.Tioh.. New Reduction Hetboda In 
Volumetrie Anelysls 747 
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Lefttbef, 7. B.. M.A.. M.B., Aiid H. 8 . Eapei. 

O.B.B., H.B., Gb.B., D. 8 o., The Fete, 707 
Lewie, WilUem 0. KoO., M.A., D.Be., A Byetem of 
Phs^oel Cbemletiy. Volume n.: Tbermodyueinioe, 874 
MoB^, Jamee, Modem Meeten of Btohing, 244 
MoClelliuid, Kancy, Hletorie Wellpapen, 60 
Mellor, 7. W., D.Sc., Modem Inoivenlo Chemletiy, 705 
Mbriey, Felix, Unemploymeiit Belief In Greet Briteln, 
581 

Mbriey, H. T., Monumentel BraeiM of Beikahlre, 705 
Oliver, cauules E., Motor Car and Coach Feinting, 205 
Pepye-GoodiMd, Oeo. W., and Hugh Owen, Badio- 
Eqnlpment, 1087 

PiUat. P. Padmanabha, Economic Conditions in India, 
018 

Bhead, E. L., Metallurgy: An Elementary Text-Book, 
682 

Blsdon, P. J., Wireless. 772 

Shipley, Sir Arthur S., G.B.E., F.B.S., Islands: West 
Indlan-Aegean, 684 

Soutiiall, lames P. C., Heltnholts*s Treatise on Physio¬ 
logical Optics, 704 

Splelmann, Percy Edwin, The Constituents of Coal Tar, 
400 

Thorpe, Jocelyn Field, C.B.E., D.Sc., Fh.D., F.B.S., 
F.I.C., and Martlia Annie Whlteley, O.B.E., D.Sc., 
A.B.C.S., F.I.C., A Student's Manual of Organic 
Chemical Analysis, 771 

Welgall, Arthur, Andent Egyptian Worics of Art, 20 
Eom, Anders, Modem Masters of Etching, 431 

Booth-Tucker, Commissioner F. $t. O., diae.. industrial 
progress of Mysore State, 740 
Biackenbury, R. H., paper, transport In tropical Africa, 
464; silver medal awarded for his paper, 704; tetter, 
some African problems, 814 

Brame, Professor 7. S. 8 ., Howard Leeturee, motor fuels, 
020, 030, 042 

Biancker, Air Vice-Marshal Sir William Sefton, paper, 
commercial aviation. 040 
Biaall, coffee plague in, 071 

Brenan, Byron, dtair. Slam: its progress and 
possibilities, 568, 578; diee., minend resources of 
Horthera Ontario, 917 

Bristow, Colonel W. A., diec., comraerdal aviation, 661 
British Architects, Royal Institute of, 711 
British Empire Exhibition, The, paper, by Lord Stevenson, 
600 

Brown, Edward, chair, the scientific principles of artificial 
incubation, 37, 77, 82 

Brown, Oscar, dUe., artifidal Incubation, 81 
Burnham, Viscount, chair, the reconstruction of Bd^an 
towns, 688 , 647 

Butdier, Miss A. Deane, lettera, Wembley coin, 681; 

pronnndatlon nf sdentiflr terms, 1062 
Button, H. F., diae., wallpaper, 603 

C 

Cameron, H. G., diae., the modem production of sheet 
glass, 886 

Cammaerts,'Emile, paper, the reconstruction of Belgian 
towns, 638; silver medal awarded for his paper, 764 
CunpUng, Arthur, diae., ColomMa as a Add for develop¬ 
ment, 184 

Caittor Lxctubrs:— Natieea of publication of reprintii, 
86 , 100, 248, 484, 1102; annual report, 762 
■ 1st Course:—" Modem colour problems," by Louis 
C. Martin. D. 8 c., A.R.C.S., D.I.C., F.R.A.S., 106, 
222,240; syffhOtM, 88 

2 nd Course :~RadlologlGaI research—a history," by 
V. B. PulUn, 066, 074, 088; apUabaa, 83 
8 rd Course :—** The Inner stmeture of alloys," by 
Walter Rosenhaln. D.Sc., F.R.S., 1000 , 1022, 1030; 
apOabua, 807 

OKms-Wllson, Professor €. A., paper, the teaching of 
sdenee in secondary schools, 101 
Caye*Brown-Cave, Wlng-Commaiider T., diae., com- 
tgefcM avtution, 661 

Oeasui of India, Fopuli^n problems from, paper by 
jr. T. Ibcten, 411 

Chaileton, A. G., dim*> the mineral resoprcee of Korthem 
Ontario^OlO. 


Chasney, 7ohn, diae., waOpaper, 602 
Ohatteijee, Sir Atul Chan^ appointed member of Indtan 
Section Committee, 222 

Chatterton, Sir Alfred, paper, industrial progress of the 
Mysore State, 714; diae., Indian meteorology, 866 
Chdmsford, Viscount, ehtrir, devdopment of Indian 
universities, 613, 526 
Chivers, Cedric, paper, bookbinding, 1077 
Chrlstisnn, George Watt, odiiuarp, 65 
Churen, Maior A. G., diae., some African problems, 800 
Clarkson, Thomas, diae., the motor oar: its birth, its 
present and its future, 22 

Cleric, Sir Dugald. F.B.S., paper, the power of internal 
combustion engines for motor cars, 402 
Coad-Pryor, E. A., diae., the modem production of sheet 
gdsss, 886 

Coal at Mysore, discovery of, 807 
Coal ^asearch Assodation, 684 
Coffee plague in Brazil, 071 
Coleman, Sir Jeremiah, orchid cultivation, 1102 
Coles, Albert E. diae., bookbinding, 1004 
Collet, Sir Wilfred, diae., economic research in tropical 
devdopment, 820 

Colombia as a field for devdopment, paper by Norman 
Thomson, 168 

Colour dnematography, the Frlese-Greeno process of, 
paper by Claude H. Friose-Greene, 662 
Odour problems, modem. Cantor Leeturea by Dr. Lguis 
G. Martin, 106, 222. 240 

Commercial aviation, paper bjs Air Vice-Marshal Sir 
William Sefton Brancker, 640 
Concrete railway wagons, 1074 

Cork, silk, tobaoro and oUve oil Industries in 8pdn,,1072 
Cotton groaing in Colombia, 80 

-East Africa, 101 

-Spain, 163 

-In Argentina, 82 

Coundl, 1024-26, 1; meetings of. 2, 221, 300, 409. 667, 
647, 712, 820, 1038; annual report, 767; 1026-26, 
elected. 760; Sir Thomas H. Holland, F.R.S., dccted 
chidrman, 798 

Crompton, Colonel B. E. B., paper, tlie motor car: its 
birth, its present, and its future, 4; diae., William 
Sturgeon and the centenary of the dectroraagnet, 700 
Crookshank, Colond Sir Sydney, diae., transport in tropical 
Africa, 480 

Crosthwaite, H. R., population problems from the Indian 
oensns, 410 

Crowley, Dr.** 7. F., diae., William Sturgeon and the 
centenary of the dectroraagnet, 700 
Croydon Aerodrome, visit to, 748 
Crump, Colond Malcolm Hart, obituary, 288 ' 

CuUis, Professor C. Gilbert, presentation of medal to, 121 
Curaon of Kedleston, Marquess, K.G., obituary, 467 

D 

Dalby, Professor W. E., F.B.S., diae., power of internal 
combustion engines for motor cars, 607 
Dane, Sir Louis W., diae., population problems from the 
Indian census, 427; chair, the heart of Asia and the 
roof of the world, 867, 872 

Dane, Sir Richard M., presentation of medal to, 121 
Darling, Charles R., diae., De Forest phonofllms, 04 
Day, W. B. L., diae., the Frieee-Greene process of idour 
dnematography, 669 

de la Fosse, Sir C3aude F., diae., the development of 
Indian universities, 627 

Denny, Sir Archibald, Bt., vote of thanks to chairman 
for opening address, 182 

Dlesd engine, the, in navigation, paper by Sir 7. Forteacue 
Flannery, Bt., 830 

Dlgby, Samnd, obituary, 098; resolution at Coundl 
meeting, 1088 

Dixon, E^neer Vice-Admiral Sir Robert, diae., the 
Diesd engine In navigation, 861 
Doga in war and peace, Mann Jueenile laeturea by Lt.- 
Col. B. H. Richardson, 212, 280 
Dokiuiohb and CoLONiiS Saonoxannual report, 
767; meeting of earmmltiee, 1101 
lat Meeting" Bconomle research in tropical devdop¬ 
ment, with special leferenee to British OulMa and 
British Ifalsya," by W. R. Dunlop. 811 
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Sad iMlng Tnuispott In tropteal Africa,** by 
E. H. Biaokanbnry, 464 

8id meitfnc:—^**8oine -African problems," by Hon. 
W. Ormsby-Gore, M.P., 7W 

.4Ui Keefelng:—^**The ICineral reeonlcee of Korthcm 
Ontario/' by Frofeiwor W. A. Parks, Ph.D., F.E.S.G., 
908 

DOMimons Aim goloitibs and htdun SscnnoMs (Joint 
MBITI50)" The British Empire Exhibition,** by 
Lord Stevenson, a.C.M.a., 609 
Donald, Bernard, di$e., wallpaper, 601 
DowUng, Henry G., paper, wallpaper: its history, pro- 
dnotion and possibilities, 666; silver medal awarded for 
his paper, 764 

Dn Gann, C. O. L., Peter Le Neve Foster prise awarded 
to, 881 

Dnnlop, W. E., paper, economic research in tropical 
development, 812 

Dyer, W. H., diee., bookbinding, 1006 
E 

Economic research in tropical development, paper by 
W. E. Dunlop, 312 
Electricity supply in Norway, 133 
Electromgnet, centenary of, paper by Professor J. A. 
Fiemhig, F.E.S., 600 

EUison-Macartncy, Et. Hon. Sir William Grey, oMfuary, 
114 

Elwell, G. F., paper, De Forest phonotUms, 80; silver 
medal awarded for his paper, 764 
Evans, A. F., diee., power of internal combustion engines 
for motor cars. 600 

Examinations, Eoyal Socirty of arts, io 26 :->anniial 
report, 766; report on, 1066 
Exhibition, the British Empire, paper by Lord Stevenson. 
600 

Exhlbltlous and fairs, promotion of French trade by. 816 
F 

Ffdmouth, Viscount, diee., power of internal combustion 
engines for motor cars, 508 
Fellows, list of, notiee, 88 
Finance, annual report, 768 
Financial statement for 1024, 686 
Ilshenden, Dr. Margaret, diee., modern atmospheric 
conditions, with special reference to London, 466 
Flannery, Sir Fortescue, Bt., the Diesel engine In navigation, 
380 

Fleming, Professor J. A., F.B.S., paper, William Sturgeon 
and the centenary of the electromagnet, 600 
FUidit to the Netherkmds East Indies, the, paper by 
Thomassen A Thuossink van der Hoop, 666 
Food problems, with special reference to India, paper 
by Lleut.-Colond Eobert McGarrlson, 137 
Forest products research, 866 
Foster, William, presentation of medal to, 121 
Fotherglll prize, notice, 668; annual report, 765 
Fox farming, 941 

France, economic conditions in. 117 

-la vie indnstrielle en, 188, 403, 486 

Frlese-Greene, G. H., diee., De Forest phonofllms, 94; 
paper, the Friese-Greene process of colour cinemato- 
gcaphy, 652; silver medal awarded for his paper, 764 
Fuds, motor, Howard Leetwree, by Professor J. S. S. Biame, 
020, 030, 042; alcohol for, in the tropics, 073 

G 

Galt, Sir Edward A., vote of thanks Sir George Birdwood 
Memorial Lecture, 286; cAoir, population proUems from 
the Indian census, 410, 424; letter, the development 
of Indian universities, 683; dice., Indian meteorology, 
851; dice., the heart of Asia and the roof of the world, 
873 

Gamble, James Sykes, F.E.8., dbUuary, 1071 
Gibbon, H. A., letter, Anglo-Indiant and domiciled 
Europeans in India, 486 

Gibbs, Hon, Vlcaty, cMr, government botanic gardens, 
270, 889, 

Glass, Irish, old and new, paper, by Mrs. Qraydon-Stannus, 
898 


-sheet, modem production of, paper, by Professor 

W. E. 8. Tomer, 821 

Goodenougfa, F. W., dice., modem atmospheric eonditions, 
with special reference to London, 466 
Government Botanic Gardens, Sir George Birdwood 
Memorial Lecture by Lleiit.-Colonel Sir David Plain, 
F.E.8., 271 

Gray bequest (see Thomas Gray) 

Graydon-Stannus, Mrs., paper, Irish glass, old and new, 
202; silver medal awarded for her paper, 764 
Greenwood, H. J., diee., electrical equipment of London 
County Hall, 380 
Ground-Nut, 1074 

Gwalior, Lieut.-General H. H., the Maharaja of, oKfuaiy, 
711 


H 

Hadfleld, Sir Eobert A., Bt., F.E.8., chair, the teaching 
of science In secondary schools, 100, 100 J eAoIr, the 
unemployment problem, 780, 702 
Hamilton, Eear-Admiral J. de Courcy, dice., artlfloial 
incubation, 82 

Hamilton, Sir Eobert, M.P., dice., transport in tropical 
Africa. 477 

Hammond, Lleut.-Colonel F. D., diee., transport in tropical 
Africa, 483 

Hancock, Walter C., dice., the teaching of science In 
secondary schools, 112; disc., the modem production 
of sheet glass, 836 

Hardy, Lleut.-Colonel F. W., diee., artificial incubation, 78 
Hart, A., diee., artificial Incubation, 70 
Hawkln, E. C., dice., some African problems. 810 
Haydon, Dr. Arthur, dice., trend of modem hygiene, 644 ; 
diee.. Industrial progress of Mysore State, 744; diee., 
some African problems, 811; diee., the heart of Asia 
and the roof of the world, 872 
Kmidrlek, 8. H., diee.. Slam: Its progress and possibilities, 
670 

Hill, Dr. Arthur W., F.E.S., diee., modem atmospheric 
conditions, with special reference to London, 466 
Hodfid^lnson, Thomas W., diee., the development of Indian 
Universities, 630 

Holbrook, Colonel Sir Arthur, M.P., diee., modem atinos- 
pherio conditions, with special reference to London, 466 
Holland, Sir Thomas H., F.E.S., cAair, Industrial progress 
ot Mysore State, 713, 737; elected Chairman of Council, 
708 

Hope-Jones, Frank, presentation of modal, 121; disc., 
electrical equipment of London County Hall, 380 
Howard Lboturks :—^Annual report, 762; motor fuels, 
by Professor J. S. 8. Brame, F.I.C., F.C.8., 020,080,942 
Hume, 8ir George Hopwood, M.P., L.G.C., chair, the 
electrical equipment of the London County Hall, 870,888 
Hygiene, the trend of modem, paper by Dr. Andrew 
Balfour, 623; letter by Arnold Lupton, 770 


I 

Inder, C. G., diee., Colombia as a field for devtiopment, 186 

Index (ten volume) to Journal, vols. LXI.-LXX. (1012- 
1022), notiee, 106 

India Office library, 876 

Indian meteorology, ^per by Sir Gilbert T. Walker, F.B.8., 
830 

Indian Siohon Meeting of committee, 866; annual 
report, 767 

1st Meeting" Problems of Food, with special reference 
to India," by Lieut.-Colonel Eobeii McGarrlson, 
C.I.E., M.D., LL.D., D.8o., F.E.O.P., ^.llJ9., 186 
2nd Meeting :->(5ir George Birdwood Memorial Lecture), 
"Government Botanic Gardens,** by Lieut.-Oolonel 
81r David Plain, O.M.G., GJ.E., LL.D., F.LB., 
F.E.S. 270 

3rd M^ng* Population problems from the Indian 
censns," by J. T. Marten, M.A„ Census Co mmitsk mer 
for India, 410 
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THE RULE OF THE ROAD. 

UNWRITTEN LAWS NOW WRITTEN. 

The Road is one of the few places where the 
expert is more dangerous than the novice. 

Practically all accidents on the road are 
avoidable. They are almost invariably due to 
one of two common human failings—carelessness 
and lack of consideration for other people. 
It is seldom lack of experience in drivers that 
travellers have to fear. The usual tendency of 
a novice is to be extra careful. To say that 
the novice is more likely to lose his head has 
nothing to do with it, because there ought to be 
no tight corners. A man has a perfect right to 
lose his heads it is the man who causes liim to 
lose it that is to blame. Besides, no human 
head is a guaranteed fool-proof machine, there¬ 
fore it is up to us not to expect too much from 
it. 

Tlfre is more danger on the road from the 
expert and over-confident driver than from any 
other kind. Many of the worst road-hogs are, 
as a matter of fact, very clever drivers. 

Now there are not many rules of the road that 
an ordinary intelligent man with the instincts 
of a gentleman cannot think out for himself, 
without assistance, and does not already act 
upon. But there arc a number of points that 
few would think of. Also, there are many people 
who do not think of even simple things until 
they are told. For this reason a little book 
entitled “ Road Wisdom is very welcome. 
It is published by the proprietors of Pratt's. 
Motor Spirit, 36, Queen Anne’s Gate, S.W.i. 

It consists of a number of short paragraphs 
dealing with road use and abuse in general, 
as well as the fnany dangers commonly met 
with in motoring. Originally, they formed 
part of a press campaign towards the betterment 
of nmtoring conditions generally and were 
published under the title of “ Prattiludes of 
the road.” This book et is the answer to a 
number of requests for their reproduction. 

Many of them, as has been said, are common 
sense cautions and appeals to courtesy and a 
fraternal outlook. Others are very valuable 
tips that few would think of—such as the new 
" off-side ” rule of the A. A. (watch for and give 
way to traffic approaching from the right) and 
short articles on valve adjustment, electric 
light logic, gear-changing, the rights of the 
motorist, etc. 

Each typical incident is illustrated . with 
diagrams and drawings—the latter coloured and 
exceedingly well-drawn, and the booklet is a 
most attractive little production. 


THE ROAD FUND. 

There is every indication that strenuous 
opposition will be offered to the suggested diver¬ 
sion of the Road Fund from its original purpose. 
The County Councils’ Association has added 
weight to this opposition by passing the following 
resolution-: 

That the Council, while recognising the 
fact that the Road Fund revenues are increasing 
year by year and now stand appreciably higher 
than at the time that the Ifuhd was first estab¬ 
lished, desire to pdist out that the cost off h4(b* 


way administration has increased in an even 
more marked degree; that each advance 
in the Road Fund revenues must obviously 
be accompanied by additional road expenditure; 
and that there is still a very large mileage of 
roads which are entirely unsuited to modern 
traffic conditions, and cannot be adequately 
improved by the highway authorities without 
substantial financial assistance; {b) that the 

Council are, therefore, of opinion that the pro¬ 
posals of the Chancellor of the Exchequer are 
most ill-advised, and would, if adopted, result 
in a serious deterioration of the roads of this 
countiy: (c) that in these circumstances the 

Council do offer strenuous opposition to any 
diversion of the Road Fund and do request the 
Prime Minister and the Chancellor of the Ex¬ 
chequer to receive a deputation in support of 
the Association’s views ; {d) that the deputation 
do consist of the Chairman (Sir Arthur Chapman) 
and Vice-Chairman (Mr. E. R. Turton) of •the 
Cohncil, the Chairmen and Vice-Chairmen of 
the Parliamentary and Highways Committees 
(Mr. E. R. Turton and Mr. F. Dent, and Lord 
Strachie and Mr. F. H. Berryman) Lord 
Montagu of Beaulieu, Lord Deramore, Mr. J. 
Aspell, Major J. S. Courtauld, M.P., Mr. T. D. 
Fcnby, M.P., Lieutenant-Colonel Watts- 
Morgan, M.P., and Sir Douglas Newton, M.P. 

It is understood that the Association of 
Municipal Corporations is taking similar action 
and that a combined protest will in all probability 
be made. 

Apathy alone can prevent the opposition from 
being overwhelming since the importance of a 
progressive road policy has been established 
beyond doubt. 

Contractor's Record, Nov. 4th, 1925. 

, " / WHITE LINES. 

V Speaking at Bournemouth, Lieutenant- 
Colonel Ashley, Minister of Transport, referred 
to the scheme for reducing road risks by the use 
of whit - lines at curves and crossings.- " The 
experience already gained in the -use of these 
lines showed,” he said, ” that they must be 
counted upon not only to reduce risks, but also 
to assist materially in the control of traffic by the 
police. But if the scheme was to be of any 
real benefit, it involved rigid adherence by all 
motorists to the driving instructions conveyed 
through the medium of the lines. Another 
necessity for the success of the scheme was that 
there should be as great a degree as possible of 
uniformity throughout the country as to the use 
of these lines.” 

In this connection it is interesting to note that 
steps have already been taken by the Ministry’s 
divisional road engineers to obtain and collate 
the views of local authorities and in addition the 
County Surveyors' Society, and the Institute 
of Municipal and County Engineers have been 
asked to consider the suggestions made. ^ So 
soon as the views of the various associations 
representative of the road authorities throughout 
Great Britain have been obtained, and considered, 
the Minister proposes to issue a circular letter 
to all autho^es concerned with a view to 
standardising the use of white lines throughout 
the country. 

Contfaeiov>$* Record. Nov. 4th. 1925. 
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